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what the Big Creek Region Conservation Authority set up 
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ekg Advisory Committee on Pollution Control.  p.° 33 
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the present conditions and the need for co-operation 
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Ewe That the Authority establish ground water observation 


by 


wells for the study of the North Creek water table 
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irrigation "know-how" among the farmers concerned. p. 46 
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i 
reservoirs as a conservation measure. p. 49 


That the Authority purchase, as soon as possible, the 


; necessary land required for the postponed construction 


he of reservoirs, thereby avoiding the high land prices 
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Bot Pest ucures, p, 50 


10, That the Authority construct a series of Community Ponds 
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throughout the Watershed. p. 61 


q 


‘a 


' 


. 4 | ¥ AN n . gy ~) 
Ny nt) . . y aS 


payeee, 9 


m' 


Seed me aes ye Br 


Bete api Ar “ ve pene 
ae a 4 Nowe way Pao ‘Bok tok" aie 
Siete a PAY ein toahe: p50 ae ta x GSR 

aor ithe ny eby | 2) 0) Fieve Pad & i ¥ * Pye a elt 


aE 


hy &> MP tit As, i Ms = all. ry ba fe i ii bok es 8, | 
} 


o ‘ x ¥ 
Ie) re | - ‘ ae, Wee ie Te . iy TES AOs a “i 


j . t= a paw 
4 
(i! } : f 
jit ’ , vr) 
4 
9 ».¢ . 4 : m y mI 5 Ae CP ; 
‘ Bh gt ON Me. Aah oth 
Tea ‘ . 
4? 
=A , tao ‘ | 4 
- es f etl 2 * FS ee T 2 ~* * ® P 
} ; 4. 520 = 4 a @ > 
| 
‘ Py aT y betawurale tet, 
, Py ri + prt ee , tig aw 
rer, . L } 
i r i j 
eva . : f 
y P ’ } 
7 ty ; nn yee Pe * 
4 On Po eer te AY Vee aos pra 
} i ae L ELA rg 
. ty - 


. oe E ry - . aa 
oe y , a Tae TS 2s oh oh. S") LORS S 
iF, Yr ; Ai? | 
pall | ‘ : t . fy ? 
wT; : oy a 
FJ j arts: ; Ray. it a ne 7 wirt fin bit a a 
fq (ny a) 8 wey Wy eete | see (45 eget’ | LG eh 4 Pipes sive! hid A , 
: : f ; te iit-> - ; 
' ‘ r 


y is fo) 4 "A + 

+ ah | mehr baked ie fe a 

iJ ty i } | + he ai Set " Anse bp | ” he - > ? al! : heGut ‘ P we Patt’ ‘oj y" i Greeny iv 

7” ’ Me j | iv a y : Tid 4) ip 

. P V erme ‘as Por ame . 

a Wat LO 4 ake SAT Be err, 2 

1 wd fe es 

~~ oS eS ame oN 

MES 6D sees ial aa “ae 

ite 

2% eae agp PER) Niki ehd Sec | 

‘ “ Leia pais PA Oiaiio:t? \ 

aA + KG Cie iia =f e y 

| mee ite 

i a : 7 ; me ‘a , 


CHAPTER 1 
GENERAL DESCRIPTION OF THE WATERSHED 


1, Boundary and Dimensions 


The Big Creek Region Conservation Authority 
covers an irregular-shaped area of 610.2 square miles located 
on the north shore of Lake Erie at Long Point Bay, The area 
extends northward from the lake for a maximum distance of 36 
miles and has a maximum width of about 28 miles along an east-— 
west line through the towns of Simcoe and Delhi, 

The area is bounded on the west by the Otter 
Creek watershed; on the north by watersheds of the South 
Branch of the Thames River and the Whiteman and MacKenzie 
Creek areas of the Grand River system; on the east by the 
Sandusk Creek drainage Medd and on the south by Lake Erie, It 
has an overall lakeshore length of 39,5 miles including Turkey 
Point but not Long Point or the five mile-long marsh area 
immediately west of Long Point, 

The area is comprised of a number of smaller drain- 
age basins, the most important being the Big Creek and Lynn 
River basins and those of the Clear, Dedrich, Young and the 
Nanticoke Creeks, In addition there are eleven unnamed minor 
creeks draining directly into Lake Erie which for the purpose 
of this report have been grouped into five areas and referred 
to by the letters A, B, ©, D and E, 

The Big Creek and the Lynn River each have several 
important tributaries as shown in Table l. A map of the Big 


Creek Region Watershed is shown in the accompanying Figure l, 


2 Municipalities 
The Big Creek Region lies within the counties of 


Brant, Haldimand, Norfolk and Oxford and consists of all, or 


parts of, the following townships: 
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County Township Percentage 
Brant Burford LO 
Haldimand Walpo te 455 
Norfolk Hourhton 68 
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Hast Oktord ew) 


The area has a tetal populetion of 45,347 with 
the largest centres being the towns of Simcoe (8,005), Delhi 
mols and ors Doveree. 722 ).. Other centres) in the area 
include the villages of Waterford (1,863) and Port Rowan (768) 
Sadmene police villares, of Vittoria (439) and) St. Williams 


ico yeen te fbover populations tieures arcias of 1957. 


3. Terrain 
The topography of the Big Creek Region varies, 
generally, from fairly flat with good drainege to undulating. 
Geologically, the area is fairly young, with the. valleys on 
all streams being either V-shaped or U-shaped with little or 
mOwLLOOd wplalns., 
There are, however, a few exceptions to this 
pees oft which should be mentioned, The topography of 
the Lynn River area is comparatively rugged with lateral slopes 


mol both the river and its tributaries ranging from.50 to 150 


feet to the mile. Another rugged area is found in the vicinity 


“of Waterford, located on the Nanticoke Creek. 

There are no natural lakes in the area and only 
two small marshy areas located at the headwaters of the 
Biantacoke Creek, The Waterford lakes consisting of a mill-pond 
-and several flooded gravel pits are the largest bodies of water 
within the area and are a valuable asset to the region from the 
| Point of recreation and summer flow, These lakes have a water 


| Surface area of about 350 acres, 
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TABLE 1 
DRAINAGE AREAS OF BIG CREEK REGION 


Drainage Area 
Tributaries Square Miles 


BIG CREEK 


— North Creek 
XTrout Creek 

my ehison Ureek 
XBrandy Creek 

Cranberry Creek 


LYNN RIVER 


Patterson Creek | 30.9 


Black Creek LOw7 
CLEAR CREEK 26.8 
East Branch BO 
-NANTICOKE CREEK 72.0 
YOUNG CREEK leva 
DEDRICH CREEK B26 
AREA A - 1 small stream in this area LQ 
AREA B ~ 3 " 1 " " " AED Bees: 
PABA Cre. 5 " " " rt " coos 
RGA Op et F) " tt 1% {? LS9 
AREA B e- 2 7 nt ' "t 1? | Ae? 
{ ; 
TOTAL FOR BIG CREEK REGION 610 nh 


Hydrometric Gauges 


Port Rowan 
North Creek 
Walsingham 
Dickie Hat) 


Places 


Town of Delhi 
ete Simcoe 
Wee Port) Dover 

Village of Waterford 


Lo 


AeA 


“ae 
The river valleys themselves break the general 
scene, with those on Big Creek below Delhi reaching 100 feet 
or more in depth and from a quarter to half a mile in width. 
These deep, narrow valleys offer many suitable damsites but, 
due to their low reservoir capacity, do not provide low-cost 
storage, 

The soils.of the area are predominantly sand 
ang@ecideh plain, Soil types are tabulated for each drainage 
area as shown in Table 2, 

The wooded areas, including plantations, amount 
to 15 per cent of the Lynn River and Nanticoke Creek drainage 
areas; 25 per cent of the Clear Creek area and 19.4 per cent 


of the Big Creek Region. 


4. Rivers and Main Tributaries 
faye Big Uresk 

Big Creek is the largest stream in the region, 
draining a total of 281.0 square miles, and having a main 
channel 55.6 miles in length. Altogether there are 13 major 
eelewearles Varying arom 2.5) to 14.2 miles in length. The 
total fall is 428 feet, an average of 7.7 feet per mile. The 
water level profile and gradient tables for Big Creek and its 
tributaries appear in Figure 2, 

The creek rises at a point almost nine miles 
directly west of the hamlet of Harley; then flows eastward 
to a point two miles south-east of Harley from which it flows 
southwards to Lake Erie, passing through Teeterville, Delhi, 
Walsingham and Port Royal. Its mouth is located in the Innex 
Bay at a point 1% miles south of Port Rowan. 

Of its many tributaries North Creek is probably the 

most important at the present time due to it following a 
course through tobacco lands where the practice of irrigating 
is becoming more prevalent. 

The water level profiles and gradient tables for 
the other streams of the Big Creek Region can be found in 


Figure 3. 
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North Creek — just above its confluence with Big Creek. 


The mouth of Big Creek as it empties into Lake Erie. 


Sy ie 
(b) Lynn River 
Lynn River and its numerous tributaries drain 
108,8 square miles of the Big Creek Region, Only two 
tributaries are named on the map, viz., Black Creek, which 
joins the Lynn River at Port Dover, half a mile up the river 
from Lake Erie; and Patterson Creek, which extends northwards 
from the town of Simcoe to its headwaters near the Michigan 
Central Railway about 14 miles east of Windham Ventre, "AL 
One time the entire watercourse from the above-mentioned 
headwaters, through Simcoe to Lake Erie, was called Patterson 
Creek, At the present time, however, the river from Simcoe 
to Lake Erie only is referred to as the Lynn River, Another 
tributary coming from the west and having its confluence with 
the Lynn at Simcoe is known locally as Kent Creek, Ds 
title, however, is not shown on most present-day maps. The 
total length of the Lynn River and Patterson Creek is 17,3 
Mates, With a fall of 225 feet, giving an average gradient of 
23.0 feet to the mile, 
Black Creek is an important tributary of the 
Lynn River system draining the whole easterly part of the 
watershed, It has a total length of 13,2 miles with a fall 
of 200 feet giving an average Bradient of 15,2 feet tothe 
mile, 
(c) Dedrich Creek 
Dedrich Creek rises about 2 miles east of Silver 
Hill and flows south to empty into the Inner Bay of Lake Erie 
a mile south of Port Rowan. It drains the area east of the 
Big Creek for a distance of 13,7 miles with a fall of 203 Deeu; 
averaging 14.8 feet to the mile, There is one major tributary, 
viz., Mud Creek, which is 8.17 miles long with a gradient of 
15.9 feet per mile, 
(d) Young Creek 
Young Creek rises 23 miles north-west of the 


hamlet of Walsh and flows 10.8 miles to its mouth at a point 
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on Lake Erie about three miles south-west of Port Dover, It 
has a total fall of 203 feet and an average gradient of 18.8 
feet to the mile, 
(e) Nanticoke Creek 

The Nanticoke Creek is the most easterly in the 
region, rising about half a mile south-east of the north-east 
corner of Windham Township; then flows south for about six 
miles before swinging eastwards at the town of Waterford. 
It continues in the easterly direction for about seven miles 
before heading southwards to Lake Erie. It passes through 
the villages of Rockford and Varenay and has its mouth one 
mile south of the village of Nanticoke and seven miles east 
Of rort Dover. Teeuisea lonegyriver spbeimeyeosc miles! in 
Heneth and with a total fall. of 203 feet for an average 


gradient of 7.6 feet per mile. 
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CHAPTER 2 
FORMER FLOODS 


The earliest known references to floods on the 
Big Creek are to be found in the diaries kept by the surveyors 
who laid out the adjacent townships of Walsingham and Windham, 
The surveyors were required to record events and circumstances 
that affected the progress of their work, and they noted floods 


‘because the floods occasioned loss of valuable time, and because 


Wmmey wished to receive full pay for the time so accounted for. 


Tt is for this reason that the surveyors! diaries tend to 


‘emphasize the extent of the delay to which their work was 
MBubject, rather than the severity of the flood, or the height 
to which the waters rose. 
Thus, on March 10, 1796, the surveyor William 
‘Hambly, running westward on the line of the front of the second 
‘concession of Walsingham, came to the Big Creek, "which was 
‘broken up and very high, went up Stream and crossed and con- 
tinued Line.” 
| In the spring of the following year, considerable 
‘flooding attended the breaking up of the streams; but the 
Meecise location of the occurrence is not stated, nor is it 
clear whether the streams overflowed their banks. In a letter 
to the Surveyor-General, dated May 25, 1797, Deputy-Surveyor 
Thomas Welch writes thus of his survey in Walsingham: "The 
Be cxent Rains that have fallen here this Spring immediately 
‘Succeeding the very deep Snow, which has constantly kept the 
‘Swamps & low grounds so full of Water that we have been oblaged 
to wade more or less every Day, & frequently a very considerable 
part of the Day, & very often knee Deep, and sometimes Waist 
Deep, which has broken up my party more than once by Sickness..." 
According to William Hambly's diary of his survey 
of Windham Township, there was a flood in November, 1797, on the 


‘Big Creek, while he was travelling eastward on the 8th Concession 


‘\line of that township. His entries for the 4th, 5th, and 6th 
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of November read as follows: -: 
"hon, wavurday — rained all night, and continuing 
to rain, the waters bezan to rise 
5th, Sunday - rain and snow all Day 
6th, Monday, still snowing and waters up, left the 
work and went Home" 

In 1798, Thomas Welch records a flood on Big 
Creek: "Tuesday 20th (March). On account of yesterday's rain, 
we found big Creek broken up, & so high that we could not cross 
it till we had travelled up on the Hastern side thereol ...' so 
far as the 5th Concession line of Walsingham, where we got 
across & Encamped." 

These records give the impression that flooding 
on Big Creek was an annual event (with a November flood thrown 
in for good measure); but the diaries cease with the completion 
of the surveys, and with their discontinuance, so far as the 
Big Creek watershed is concerned, the record comes to an end, 
Not until 1809 is there any further mention of Big Creek floods; 
in May of that year the Deputy-Surveyor Mahlon Buxwell’ was 
travelling from Fort Erie to perform a survey in the Township 
eS Oouthwold' May 29 found him at the house of Mr. Welch, in 
Charlotteville. His diary continues: 

"Tuesday 30th May. Set out early, Mr. Welch sent his 
Son to Pilot us to Big Creek, there being no Road to 
that place. Found the Creek very high in consequence 
ef the great fall of Rain. Travelled to within four 
Miles of Big Otter Creek & encamped. Rained smartly 
I the night." 

It is apparent that the state of the creek did 
not prevent him and his party from pees The next day he 
recorded that he felled a large Hemlock Tree by which to cross 
the Otter Creek; and on June 1, at Kettle Creek, "had to fall 
Miiber across it .... and it Rained in the night”. 

Following Burwell's laconic reference to the May 
floods in 1809, there is an interval of twenty-seven years 
before the next known mention of floods in this watershed, In 
835, the Rev. Thomas Green was appointed as Travelling 


Missionary in the London District (which then included Norfolk 


County); the 22nd and 23rd of February, 1836, found him 
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travelling from Vienna toward Burford. The following passage 
is taken from his journal: 
"Monday 22nd .... & tedious drive. (Vienna to Middleton), 
rendered more disagreeable by a sudden thaw. 
"Tuesday 23rd. I set out as socn as I had breakfasted 
for Burford, a drive of twenty-five miles - the roads 
in many places covered with water, in consequence of 
the continued thaw." 
As Green gives no account of his crossing of Big Creek, it is 
impossible to determine from his journal whether the floods 
were caused by surface water (rain and melted snow), or whether 
the streams were overflowing their banks. 

In June, 1836, Mr. Green encountered floods in 
the course of his journey from Middleton to Simcoe. 

"Saturday 25th (June). I proceeded to Simcoe, the 

day was boisterous and unpleasant, and the roads very 
heavy in consequence of the heavy rains which had 
fallen, I found the causeways dangerous, being deeply 
covered with water, and was obliged to let the horse 
pick his own way." 

The next flood, of which mention has been found, 
on the Big Creek, occurred in the spring of 1843; the report 
of its occurrence contains the first reference to flood damage 
to property on this stream. The District Surveyor of the 
District of Talbot, which in 1841 had been separated from the 
District of London, was Mr. Thomas Allchin. In a report to 
the District Council, dated May 11, 1843, Mr. Allchin states 
that the bridge over Big Creek on Talbot Street (at the present 
village of Delhi) was "intirely washed away by the late freshets 
at the breaking up of the Winter." No further particulars. dre 
known. 

Whatever floods, or even flood damage, there may 
have been in the course of the ensuing thirty-five years is not 
known; not even passing mention of it has been found. 

One of the severest storms ever to visit this 
Province struck on September 13, 1878, and caused immense damage 
Over a wide area. The damage done on Big Creek must have been 
very great; but the account that the Toronto Globe published 


reported only the damage at Teeterville and at McKnight's mill, 


a mile or so below that village. It is probable that reports 
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of damage elsewhere on Big Creek were crowded out of the news 
columns by the weight of more spectacular news from other parts 
of the Province. The following is taken from the Toronto 
Globe of Monday, September 16, 1878: 


mlecterviite, Sept. sl, =/The bridge,.and dam at. this 
place on Big Creek were last night forced out by the 
high freshet, causing considerable damage to property 
by flooding the mills, liberating the logs, and 
driving before it with fearful rapidity lumber piles, 
sheds, car track, and every moveable thing in its way, 
scattering them in confusion into the current of the 
stream, Every mill below must have been endangered by 
this unexpected break away, and serious loss must be the 
result through the length of the river. Communication 
isyentirely .cut off from the grist, and sawmill but 
action will at once be taken to have everything recon- 
structed in a few days, Gps pdLifl Tout. Obeive amy 
estimate of the actual loss. 

"LATER,- A serious loss has resulted to the mill and dam 
of Mr. James McKnight from the breakaway at this place 
last night. Mr. McKnight hastened hither on learning 
that there was danger to Teeter's mills, but all efforts 
proved unavailing, and his dam withstood the fearful 
rush only a few hours, General havoc was the conse- 
quence, In-lumber, timber, and logs the loss to Mr, 
McKnight must be indeed considerable, as his pond was 
filled with manufactured stock of all kinds. This has 
been followed by a total wreck of dams below, which will 
make the estimated loss on the river very great.” 


The next flood on Big Creek of which any account 
has been preserved took place fourteen years later, June 3, 1392, 
The Toronto Globe,of June 6, carried a brief report, which, 
nevertheless, sufficiently indicated the severity of the flood. 


"Delhi, June 4.- The freshet of last night and to-day 
is almost unprecedented in this locality. Nearly all 
the bridges have been swept away. The mills here 
narrowly escaped," 


A few days later, on June 8, the Brantford Courier published a 


fuller account: 


"Windham Centre.- The heavy rain on Friday last 

(June 3rd) did considerable damage on Big Creek. 

There is not a bridge left on it across the whole 
township that a team can cross, The loss to the 
township in this particular will exceed $2,000, 
besides heavy losses to private individuals. The 
creek flats at Teeterville were flooded to the depth 
of four feet, the mill dam was taken away, and several 
lumber piles belonging to Mr, W.H. Teeter. There were 
three head of cattle seen going down the channel, two 
of them were dead and one still living, also one 
horse; they came some where from the north. Mr. 

Jas. McKnight also lost his mill dam. and several 
piles of lumber were carried to the woods. Mr. Quance, 
of Delhi, lost his mill dam, and his flouring mill 

and grain house came near going when the flood of 
water struck it. The houses on the low land at 
Lynedoch were flooded and the people were driven to 
the up lands for safety. No lives have been lost that 
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In the ensuing sixty-five years, from 1892 to 
1957, there is evidence that floods have occurred on the Big 
Creek, and that they have done damage. The remains of a mill 
at Teeterville, and of more than one between Teeterville and 
Lynedoch, indicate some of the damage done. Considerable 
investigation, and persistent inquiry, have failed to attach 
a reliable date to any of these ruins; and the files of the 
Delhi News-Record, said to have been taken from the place of 
publication at the time of a change of ownership, have not 
been found. This state of affairs, unfortunately, cannot be 
taken to indicate that there have been no floods, but only 
that the records have, if made, remained undiscovered. 

As a result of the haphazard methods by which the 
incidence of flooding has been recorded, it happens that, of 
11 occasions when flooding was noted on the Lynn River, not one 
falls on the same date as that of a known flood on the Big 
Creek, 

Thomas Welch, the Deputy-Surveyor, who, in 1798, 
noted a flood on the Big Creek in March, had been, in January 
of the same year, on the Lynn, On Tuesday, January 16, 1798, 
he made the following entry in his diary: 

"Yesterday being very wet & the Rain increasing & 
continuing all last night, has raised the Creeks, 
branches, low grounds & swamps, so verry full of 
Water, Ice &c., and withal the weather so excessively 
Cold, that it was impossible to do business to Day.” 

As Mr, Welch had arrived, on the 15th, "at Peter Walkers at the 
Mouth of Pattersons Creek, where we lodged" (the modern Lynn 
River), it is apparent that his observation applies to that 
stream, as well as to others in the vicinity. His entry for 
January 17 indicates that the high water continued through 

that day also. On the 18th, he proceeded to his survey in the 
Township of Woodhouse. 

The next known observation of high water on the 
tynn is recorded in the journal of the Rev. Thomas Green, on 


the 29th of March, 1836. 
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"I then set out (from Rainham) for Woodhouse, a 
distance of about thirty miles, and found much 
difficulty in passing, with the cutter, some 
of the streams, which were swolien by the thaw, 
and the ice so weakened as not to support the 
horse .... tne ice broke in one place." 


Mr.. Green's next reference to high water may 


also be taken as a "flood" on part of the country drained by the 


Lynn River, though the precise location is not easy to deter- 
mine. Un wanei yo. 1536. he wrote: 


"T set out (from Woodhouse) for Windham this morning. 
After travelling very slowly, the horsenearly up to 
the knees every step, the bridges and causeways all 
covered with water, in consequence of the heavy rain," 


And on May 9, 1836, Mr. Green recorded still another occasion 
when the water was high on an unidentified creek in the same 
neighbourhood, as well as a reference to an earlier flood. 


"I again left Mr. Mercer's (Lot 3, Concession II, 
Walpole Township) for the township of Woodhouse, 
and in my way was obliged to swim my horse across a 
deep creek, the bridges having been carried away by 
the freshets occasioned by the melting of the snow 
and rain in the beginning of spring." 


On May 29, 1836, Mr. Green recorded the fourth 
time in the same year when the waters were high on or near 
Patterson's Creek, 


"Sunday 29th. Being anxious to keep my appointment, 

I braved the storm, rising very early, but having 
ridden as far as Port Dover (on his way to The Lake 
picre caste! that point), [.foundiit,was impossible 
to get forward, owing to the great rise of water in the 
Creek from the rain of the preceding days. Monday 
30th, returned to Woodhouse." 


The year 1836 was also marked by a flood on the 
Lynn River in October; and once again we are indebted to the 
Rev. Thomas Green for the record. 


"Monday 17th (October, 1836). I left (Walpole) for | 
Woodhouse; the travelling to-day was beyond anything 
I had yet experienced ... the roads covered with 
water and the trees almost stripped of their foliage 
.-- iL was obliged to stop at a tavern not being able 
to cross the bridge which connects Dover and Walpole, 
the waters of the creek having been so much increased 
as to cover to a great depth not only the bridge, but 
the surrounding flats," 


After the lapse of thirty-seven years, the next 
known flood on the Lynn River was recorded by the Toronto Globe, 


April 10, 1873; the flooding occurred on the 8th and 9th. 
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"Port Dover, April 9.- It has been raining here for 

three days. The creeks are very much flooded and 

several bridges are down. Travel is almost stopped." 
No further particulars are known, 

The next report of a flood on the Lynn was 

published by the Globe, February 9, 1900. 

"Simcoe, Feb. 8,- The mild weather of yesterday and 

the rain of today made havoc here with the bridges and 

dams, Reports come to hand to-night that Brooke's dam 

at Lynn Valley, together with parts of other dams, has 

been carried away by the freshet. Lhe Gilad oRhoebprads a: 

about a quarter of a mile from Simcoe town, situated 

on the line to Port Dover, was washed away this after- 

noon, It is feared other damage may be done unless 

the water in the Lynn goes down," 

An unusually heavy rain fell at Simcoe, January 18, 

1929, and flooded the entire north-western portion of the town. 
"The Lynn River on the outskirts of town overflowed its banks, 
and the freshets swept on into the low-lying districts, render- 
ing highways impassable and invading hundreds of cellars." A 
big dam at Marr's Hollow (the present Marburg, Lot 18, 
Concession III, Woodhouse Township) was washed out; and con- 


siderable damage was done to the property of the Lake Erie 


& Northern Railway between Colborne and Simcoe. Two dams on 


the Lynn River were said to be threatened, "but their owners 


are hopeful that they will withstand the pressure.” 
Widespread flooding occurred throughout south- 
western Ontario in April 1937 and there is no doubt that serious 
flooding also occurred in the streams of the Big Creek Region. 
However, the following excerpt from a letter received from Mr. 
R.P. Quance is the only known reference to flooding in this 
area, 
"In the year 1937 and the month of April the power 
dam at Croton near Lynedoch went out, and the Quance 
Dam at Delhi was badly shaken. The water was only 
about two feet lower below the dam than above it, with 
the lower abutments and retaining walls under six to 
elght feet of water." 
Throughout Western Ontario, severe flooding 
occurred on many streams in April, 1947. On Apr ne 


the Lynn River at Sutton's Pond dam, in the town of Simcoe, was 


ten feet above normal. On that date, an employee of the 
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Riddell & McIntosh mill, in attempting to raise the waste-gate 
at the dam, fell into the water, and he and a would-be rescuer 
narrowly escaped drowning; but both men were brought safely 
ashore. 

On February 17, 1954, the Simcoe Reformer re- 
ported that the Lynn River had been in a state of flood the 
previous day, the 16th: 

"Fed by unrelenting rain from the t«x«ies and a heavy 
runoff from the thawed ground, swot’en streams and 
creeks spilled over their banks, ripped out culverts, 
and washed out several roads. ...... Climbing to a 
near record level, water burst the banks of the Lynn 
River and its tributaries in the district, lapping up 
to the doors of riverside homes and rushing into the 
ground floors of some residences, 

"The exact toll of damage in the county was not known, 
Several culverts were battered by cascading creeks and 
a number of township roads were under water.” 

Two reports of flooding have been definitely 
identified as having occurred on the Nanticoke Creek, one in 
March, wnouc., the, other in April, *19i7. 

That of March 18, 1852, is contained in a des- 
patch published in a Toronto newspaper, in both its weekly and 
its semi-weekly editions, the North American, and consists only 


of the following statement: 


"It is said that Cayuga, Indiana, Nanticoke and Stoney 
Creek bridges have been carried away.” 


The widespread flooding that occurred on April 5, 
1947, also affected the Nanticoke Creek, The severity of the 
flood on the Nanticoke, or the extent of damage done, is not 


Known, 
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Swollen Lynn River overflowing Sutton’s Dam at Simcoe — February, 1954. 


The Lynn River flooding Pond Street in Simcoe — February, 1956. 


GHAPTER 3 


HYDROLOGY 


HYDROLOGY encompasses the behaviour of water 
as it occurs in the atmosphere, on the surface of the ground, 
and underground. The movement of water from the atmosphere 
to the ground and back again to the atmosphere is called the 
Baydrologic cycle, There are many factors which influence 
the water movement, and particularly that portion between the 
incidence of precipitation over land areas and the subsequent 
discharge through stream channels or direct return to the 
atmosphere by evaporation and transpiration. 

The drainage area of the Big Creek region is 


subject to the constant phases of the hydrologic cycle and like 


other areas, problems exist which are peculiar to the prevailing 


climatic conditions and the physical characteristics of the 


Mat Ca o 


1. Precipitation, Stream Flow_and Run-Off 
(a; Precipitation 
The word "precipitation" as used in Meteorology 
includes all moisture that reaches the earth, whatever its form - 


rain, snow, sleet, or hail. The most significant of these are 


rain and snow. Throughout the Lake Erie-Niagara Peninsula 


region, the average annual precipitation is 39 :, InGciess 


determined from local meteorological stations with records of 


observation ranging from 21 to 45 years. 


The Big Creek area is in approximately the 


centre of this region and from stations within and adjacent to 
it, with periods of observations ranging from 18 to 20 years, 


the annual average precipitation is 34.3 inches. 


Precipitation, of course, is most significant 


since it is the source of all stream flow. In many areas 


there are sufficient reliable data available for generalized 
estimates of this factor, but on the whole, additional self- 
recording precipitation stations are required for a more 


accurate evaluation of the precipitation ~ run-off relationship. 
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(b) Stream Flow 

Stream flow, or run-off, consists of surface 
flow and ground water which is constantly entering the stream 
channel along its course and is broadly the excess of precipi- 
tation over evapotranspiration and deep seepage. Surface flow 
is that portion of rainfall, melted snow and/or ice which 
reaches the stream channels directly by flowing over the ground 
surface, 

Ground water flow (percolation) is going on 
continuously and is responsible for maintaining the flow in 
Streams, during pericds of drought. This portion is usually 
classified as base flow. 

Measurements of stream flow have been recorded 
at Port Rowan near the meuth of Big Creek for a period of 29 
months only, during the years 1945 to 1948. This observation 
point was abandoned curing 1948, owing to the unstable nature 
of the cross-sectional area at the measuring point, but four 
(4) new hydrometric stations were established in the Big Creek 
area during the past three ysars, namely: 

(1) North Creek near Delhi, October 1954 
(2) Big Creek " " tt 1955 
(3) Big Creek near Walsingham, November 1955 


(4) Lynn River near Simcoe, December 1957. 
(No records). 


Table 3 shows the maximum and minimum mean daily 
Ba mean monthly flows for the period of records and Fig. 4 
‘shows the hydrographs for the same pericd. 

) The factors affecting run-off are numerous and 
varied and appear in so many combinations, that it is difficult 
to classify them in any order relative to their direct effect 
on run-off. If quantitative results only are required, the 
best means available is to measure the run-off directly by the 
Here again 


use of hydrometric gauges at strategic locations. 


the use of self-recording instruments is desirable. 
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Stream flow, or run-off, is the resultant of all 


the watershed characteristics, and while it indicates the 


combined effect of the various features of the precipitation 


that falls on an area, it does not indicate the effect of any 
7 
Mone factor. 


Measuring and timing surface Plow) Or direct 


_ run-off, are most important, since reliable data concerning 
1 


them make possible a more accurate solution of the particular 


- problems of flood control and water supply. 


2, Maximum Flows 


(a) Spring Freshets 
Where structures such as dams are concerned, it 


Mas not the ordinary or averzge flows that are Significant, but 


the unusual or exceptional ones that may have occurred in the 
| 


Bpast, or may reasonably be expected to occur in the future, 


These flows provide the basic design criteria for all major 
water impounding structures whose failure could result in the 
loss of life and destruction of property. Therefore it is 
necessary, in the analysis of the data available, to forecast 
probable maximum conditions in direct relation to the human and 
economic factors involved. 
| From the records available for the Big Creek 
area it appears that maximum flows have occurred during the 
‘spring freshet months of March and April. The maximum 
‘recorded was 1,630 c.f.s.* and occurred in March 1956, 
| This is equivalent to ll c,s.m.t As this is a 
Mean daily flow it is very likely that the actual peak was in 
excess of this and may have been approximately 2,360 c.f.s. or 
iy CoSom. This peak was determined by Fuller's formula 
relating mean daily to peak flow. 

This is a very low rate of run-off for a spring 
freshet flow and indicates the high retention capacity of the 


watershed. 


* Cubic feet per second. 


Cubic feet per second per square mile. 
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The geographic location of the watershed also 
has a direct bearing on that portion of spring run-off due to 
snowmelt. The total annual average snowfall estimated from 
records of stations operating in this area is approximately 
54 inches, and with intermittent periods of warm weather 
throughout the winter months there is no significant amount of 
snow accumulation. 

Furthee examination of the precipitation records 
show that only on rare occasions is there evidence of snow of 
Peps With’a waver squivalent of one-half inch, or more, being 
on the ground at the time of, or immediately prior to, the spring 
break up. 

Apparently tne greater proportion of the annual 


snowfall melts and percolates through the sandy soils to 


recharge the ground water storage, and appears as stream flow 


later on in the season. 

The estimated peak flows as determined from the 
recorded mean daily flows to date, at the various locations 
where hydrometric gauges have been established, are shown in 


the following table, 


MAXIMUM MEAN DAILY AND ESTIMATED PEAK FLOWS 
FOR GAUGE LOCATIONS ON BIG CREEK 


aos i. | Sa aa tae ERE STE TP PTI | 

; : | Maximum Flow 

| Stream | Period of Drainage Mean jEst'd | Rate Date 
| Gauge | Record | Area |Daily |Peak CoSeM. 


Sic uate \CefeSe, CeofoSe | 


7 
| 
| 
—— es ie : 
| 


. *Pt ~Rowan | 29 months | 273-202 270 inate | i = 1947 
One naar 921 511 922 | hh | Oct.195h 
i i 
| Delhi PORN abenine ithe auth O50. meme 60 Vly | Mar.1956 
| | : : 
Walsing- Daas 220ce |g h00he 1, 958, oan? Mar .1956 | 
ham | | | : : 
e aes | @ een, Joe See ead 


* Discontinued 1948. 
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The foregoing table shows the maximum recorded 
flow as having occurred at the spring break up of 1956. 2G aLe 
probable, however, that flows of greater magnitude have occurred 
prior to this date, but as there are no actual discharge data 
available prior to 1946, it is difficult to estimate what has 
happened in the past. Fig. 5 shows some of the greater flows 
of spring and other seasons, as recorded to date. There are 
references in newspapers and diaries and eye-witness accounts 
of flooding, and flood damage in other years before systematic 
records were kept, by people living near the rivers in this 
area, and it appears that the spring flow of 1937 was of greater 
magnitude than any reported since that time, 

From these reports it appears also that a great 
deal of flooding has occurred during other seasons than spring, 
i.e. from May through to October and November. There are quite 
a number of reports of flash floods occurring during the summer 
and autumn months, 

(bo) Other than Spring Freshets 

In recent years it has become apparent that 
flood run-off, resulting from rainstorms without the aid of 
melting snow and ice is more significant, and in many instances 
of a magnitude in excess of that experienced in the spring 
freshet period. 

The most obvious example of this is the hurricane 
storm of October, 1954, which caused such widespread damage and 
loss of life in Southern Ontario. Since that time a new 
concept of the rainfall-run-off producing type of storm has 
been gained, particularly in relation to the seasonal operation 
of flood control structures such as dams. 

This is not to say that the usual spring floods 
will not continue to cause damage and even loss Of Liter. one 
recurring basis, as indeed they will if not controlled, put with 
the contribution of hydrometeorology, the analysis and applica- 
Bion of the run-off producing potential of the varying storm 


types, a more rational approach to the solution of these 
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problems may be achieved, Fig. 5 shows the hydrographs of 


some spring and other seasonal flows, as observed to date, 


3. Unit Hydrographs 

Where reasonably accurate rainfall and stream 
flow records are available, the use of the unit hydrograph 
method provides a solution to the problem of design storm flow. 

Stream flow records for the Big Creek Region are 
of short duration, and observations are made once or twice a 
day, except on occasions when readings are taken at lesser time 
intervals of one or two hours during periods of high water. 

The gauges in operation at the present time are 
of such recent establishment that sufficiently accurate rating 
curves have not been developed to provide reliable flow data 
for the purpose of determining design storm flows by the unit 
hydrograph method alone, 

There is one rainfall observation station in the 
Big Creek watershed at Delhi, and others at Waterford, 

St. Williams and Simcoe within the boundaries of the Big Creek 
Region. To determine the actual rainfall duration period of 
storms it was necessary to depend on records of the self-record- 
ing gauges at London and St. Thomas. 

From the available mean daily flow, and rainfall 
records, unitgraph ordinates were determined for all the avail- 
able run-off periods where conditions were Seivaple tor tues 
method. 

As there were no timed flows available the 
problem of determination of peak ordinates must of necessity be 
resolved through the use of empirical formulae or other means. 
The Big Creek Region is similar to the Otter Creek area in 
regard to area, shape, soils, etc., but differs widely when 
such items as slopes, types of cover, drainage, retention areas, 
etc., and the various combinations of these items are 
considered. 

The use of Fuller's formula relating mean daily 


to momentary peak was also considered, but it was found to 
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DRAINAGE AREA 141.0 SQ. MILES 


HYDROGRAPHS 
as SPRING AND OTHER SEASONAL FLOWS 


oa DAILY FLOW PLOTTED FROM RECORDS OF THE WATER RESOURCES BRANCH, 
_ DEPT. NORTHERN AFFAIRS AND NATIONAL RESOURCES, OTTAWA. 
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) produce ratios out of proportion to the type of drainage area 


with which we are concerned. Finally a combination of the 


Fuller's formula and the comparison method was used, relying 


heavily on simple areal proportion, and the resulting ratio of 


peak to mean flow was 1.43, i.e. the momentary peak flow would 


% 


be approximately 43 per cent greater than the recorded maximum man 


daily flow for the area of the North Creek, 


Another method suggested by Langbien* is where 


the ratio of peak flow to maximum daily flow, determined from 


the ratios of mean flow on the maximum day to the average flow 
on the days immediately preceding and following the maximum day, 


was used. The resulting ratio for peak flow to mean daily flow 


from the records available for the North Creek area was 1.35. 


This is an average ratio based on six different flow periods 
including summer, autumn and spring periods. 


The generalized chart from which this ratio was 


procured is based on data from drainage areas in the United 


States, but the units used and the basic reasoning involved 


- should make this applicable in many places outside of the areas 


from which the data were procurred. There is no doubt that 


more reliable results could be obtained by developing similar 

charts from data from the areas under consideration, but in 

this instance there are practically no data available, and Lt is 

felt that the ratio of 1.35 as derived from the Langbien method 

is sufficiently reliable for the purpnse at the present time. 
Table 4 shows the results of the unitgraph 

determinations, with the peak ordinates as found by Langbien 


method. 


The peak ordinates found for North Creek were 


| plotted against rainfall duration to ascertain if a possible 


correlation existed, from which intermediate unit peak 


_ 


— 


= x Langbien W.B., Peak discharge from Daily Records, 


U.S. Geol. Survey Water Resources Bull., Aug. 10, 1944. 
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ordinates may be interpolated. The plotted points fitted very 
Well’ to a straight line, and the resulting interpolated unit 


peaks and rates of aischarge are shown in the following table. 


—— sce Ee I OBC hw sl sind ft 
Duration cf Unit Peak Peak Rate 
Rainfall Discharges Of Discharge 
in Hours Cer soe Ce Sale is 
2 L52 Zi 5 
6 143 oi 
ie | he7 20 
18 PAs 19,6 
2h 392 Ley 7 
36 365 DP Veily 
48 : 338 16 
60 hy 305 Lae 


The above table is for the North Creek area 
only. Unfortunately records for the other gauges in the Big 
Creek area are of such short duration that it was impossible 
to attempt the application of the unitgraph method, except in 
one instance as noted in Table 4, where the peak unit at Delhi 
Was determined as 994 c.f.S., or 7 c.S.m. for a drainage area 
of 142.0 square miles, 

It should be noted here that all unitgraph 
discharges have been compiled from Sparse data, and should be 
used only as a guide, until further revision is effected by 


procurement of more refined data. 


4. Design Storms 

The "design flood" flow is generally referred 
to as the hydrograph or peak discharge that is finally adopted 
as the basis for the design of any particular structure. 


This flow is dependent on a consideration of the flood 


* Cubic feet per second per square mile. 
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e@haracteristics of the particular area, and on economic and 
other pertinent practical considerations, 

Veual ly ibys practical to accept-4a limited 
l@eeree Of risk in the selection of a design flood flow, except 
for cases where the maximum degree of protection is desirable 
Because of the possir.e loss of life or excessive damage to 


valuable property should the structure fail. 

The flood damage in the Big Creek Region has not 
been serious and the extent and occurrences have been outlined 
me chapters 2 and 4. Actual records show that excessive 


stream flow usually occurs during the late winter and early 
Spring seasons. However, it is known that a storm such as 
occurred over Southern Ontario in October 1954, if concentrated 
over the Big Creek area, could produce run-off considerably in 
excess of anything previously experienced, 
| (a) Hurricane Hazel 

The hurricane-type storm known as "Hazel" extended 
over the Big Creek Region, and precipitated excessive amounts 
Meerain during October 14, 15 and 16, 1954. 

The amount of rain, and its estimated distribu- 
Men are shown in Tables 5(a) and 5(b). 

From Tables 5(a) and 5{b} it can be seen that 


i 
| 


fairly large amounts of rain, covering all of the region, were 
experienced, As in most other areas in Southern Ontario, ground 


conditions were in varying degrees of saturation owing to 


intermittent rain occurring during the two weeks prior to the 
storm, 
| 


| 


Normally, with such rainfall amounts, and with 


surface conditions as existed in most areas, some flooding 


nOuld be expected. 


However, no reports are available in this office 


of any flooding of a serious nature occurring in this region 
Mea result of this storm, This may be attributed to various 
sonditions, most significant of which would be the surface and 


sub-surface soil formations of this area, which are dominantly 


of a sandy nature and conducive to rapid infiltration and deep 


| 
percolation, 
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TABLE 5(a) 
«TOTAL RAINFALL IN THE BIG CREEK AREA DURING HURRICANE HAZEL 


See EeEe ee 


Rainfall - Inches 


| Station Sera 
| Betsy Lh Oct b> vOct. 16 | Total Total 
48 hrs. | 60 hrs. 
| Aylmer Cig lt 2297 LA ee yee aH Oy 
| Clear Cr. aad Petes! ie e7 Ae sae 
| St. Thomas Lae 1.97 OMT, Bet s5 Leelee 
| St. Williams 1.08 2.92 OPe6 4.00 4260 
| Simcoe 0.95 2.97 O32 3.92 ees 
| Waterford 0.91 2697 0.25 3.88 L.13 
| Brantford reo: 2.68 0.53 3.94 jal 
_ | Woodstock 136 Daeg 0437 SO) ea hig) 
| Caledonia ORO3 LO 0.38 5.03 Be tale 
| Hagersville 0.93 2us7 Os 3.80 hols 
_ | Kohler oe Seay Coy 4.79 4. 96 
|) Jarvis 0.03 Nahe) OL L320 4.61 
| Port Dover - Sie) 0.09 Bee os 
_ | London 183 Baek 0.40 Lio? Wel] 


| 


7 : TABLE 5(b) 


a * DISTRIBUTION OF TOTAL RAINFALL OVER BIG 
CREEK REGION DURING HURRICANE HAZEL. 


rest secre se, 


Og te te ner ere eR ES ED RTE RRR MES OES SH BS ee ee eee OES EEE rae nes SRE 


Rainfall - Depth in inches on the Area 
River Area SIS OE OI a tie Se Ae 
48 hours | 60 hours 


"| Big Creek - Total RS Lie ie 
Big Cr. (above Delhi) bee 4.89 
Big Cr. (below Delhi) Loh 5,02 

_ | Clear Creek 3.90 1.00 
_ | Dedrich Creek LOY hoy Se 
© | Young Creek suing a 

=| Lynn River ie sOD 1.36 

_| Nanticoke Creek Ls.02 Leak 

_} North Creek 4.88 Dat 


nat ane tN Se es 


* Distribution estimated from isohyetal map. 


ee 


The following table will give some idea of the 
net run-off experienced from a few of the storms which have 


been recorded for the area, 


TABLE 6 


RAINFALL AND RUN-OFF FOR SELECTED PERIODS 
FOR GAUGES IN THE BIG CREEK WATERSHED 


| Rainfall : Run-off igi 
} Stream ie 

| Gauge | Date Depth ; Duration | Depth Per 

| Inches | Hours Inches Sent 

on Area on Area | 

on oH 

| Big Creek Oct.1945 CUES KO nH ie < 
: at June 1947 Pee . Lg 
Port Rowan May 1948 3.80 | 12 days : 
a ——}—_| 

|'North Creek | Oct.1954 5670 | 60 

| near July 1955 Oe | 2 

| Delhi May 1956 eat Es 130 

“Big Creek precceRts | 

\ at 1956 ple gs | 4 

Walsingham 

a, cilia ame 

K 

| Big Creek Aug-Sept. POO L 

) Near Delhi 1956 

| (Dick's Hill) | 


From the above table it is apparent that the run- 
off factor is not large, which is mainly due to the high 
absorbtive capacity of the surface and sub-surface soils. 
Even in the case of the Hazel storm, when the 
Peinfall was excessive over a wide area with periods of high 
Gntensity which would tend to increase the amount of run-off, 
the run-off factor was relatively low. Unfortunately only 
one stream gauge, located on North Creek near Delhi, was in 
Operation at the time of this storm. 

To estimate the effect of storm Hazel centred 
Over the area, the total storm isohyetal map was superimposed 
over the Big Creek area and oriented so as to produce the 


i in i ea. 
Maximum rainfall in terms of depth in inches on the ar 


melas 


This isohyetal map for the storm centre was 
obtained by making use of all the available official records, 
plus additional reliable unofficial observations obtained from 
areas where no official observation stations are maintained. 
The average depth in inches on the areas as determined from the 


Superimposed. isonvetal map, are as follows: 


Area Depth on Area 
Big Creek 8,20 inches 


(Total Area) 


Big Creek 8.56 inches 
Above Deini Gauge 


North Creek 9.53 inches 
Above the Gauge 

The actual rainfall period during the Hazel 
storm as it occurred over the area was approximately 60 hours. 

One of the most significant factors in the 
application of the unitgraph technique is the determination of 
a reasonably accurate run-off coefficient. This depends on a 
variety of factors and combinations thereof, and is most 
uncertain, varying widely with the degree of perviousness of 
the watershed area, season of the year, the general climatic 
conditions, previous precipitation, rainfall intensity, etc. 

There are not sufficient data available to 
arrive at a conclusive run-off factor, but from those which are 
available, the highest percentage run-off was approximately 
44, which occurred during a spring run-off period and would be 
considered low for most areas. 

The next highest percentage run-off occurred 
during the storm of October 1954 and was approximately 32 
per cent. 

From a study of the available storms the run-off 
percentages ranged from 13 to 44, from which it can be seen 
that the factor differs widely due to the variation in volume, 
intensity and distribution of the rainfall and the antecedent 


surface and sub-surface condition of the drainage area. With 
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the few records available it is difficult to get any correlation 
or conclusive results, 

Since the desirable long-period records are not 
available and as we are mainly concerned at this point with 
estimating the peak flow of a design storm of large proportions, 
the problem becomes a matter of determining a specific run-off 
Pactor for this storm, 

From recent studies and experience it is likely 
that the storm that would be most effective in terms of run-off 
would be the hurricane-type storms which occur in the late 
summer and autumn months rather than spring. As mentioned 
before, the maximum run-off for this type of storm, for the 
period of record, occurred in October 1954. This produced a 
32 per cent run-off factor for an average rainfall of 5.7 inches 
over a period of 60 hours in the North Creek area. 

The run-off from the neighbouring Otter Creek 
area for the same storm was 28 per cent from a 6.12-inch rainfall 
over a period of 60 hours,and it is estimated that the run-off 
for the whole of the Big Creek area was approximately 25 per 
cent. This takes into consideration the rainfall amounts and 
intensities over the larger area, 

In view of the run-off factors determined from 
the actual Hazel storm as it occurred on this area it is 
estimated that the run-off, should a storm of this magnitude 
centre over the area, would approach 42 per cent on the total 
area, and 53 per cent for the area of North Creek. This 
increase in the run-off factor over the actual occurrence is 
approximately proportionate to the increase in total rainfall. 

By applying the results of the unitgraph compu- 
tations, it was estimated that a unit peak for a storm of this 
nature, would be 305 c.f.s. for the North Creek area with a 
resulting peak flow of 1,540 c.f.s., or 73 c.S.m,* at the gauge 


on North Creek. 


rn  S 


———— 


* ¢,8.m, = cubic feet per second per square mile, 
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a1 
(b) Probable Maximum Storms 

From a depth-duration-area analysis of hurricane- 
type storms*, it was determined that a total rainfall of 18.1 
inches in 48 hours could occur over the 2l-square mile area of 
the North Creek watershed. Assuming a run-off factor of 63 
per cent for this type and duration of storm, the run-off would 
be 11.4 inches. 

Using the unit peak of 338 c.f.s. as interpolated 
from the table of unitgraph peaks, a run-off of this magnitude 
would produce a peak flow of 3,860 c.f.s. or 183 c.s.m. at the 
gauge on North Creek. 

In addition to the hurricane-type storms, 
thunderstorms are often accompanied by intense rainfall and 
while their duration and extent are generally less than those 
of the hurricane-type storms, they often produce higher rates 
of run-off from areas of 500 square miles or less. 

From the data available and further since most 
of our data are applicable only to the North Creek area of 21 
square miles, it was determined that the storm which wouid 
likely produce the most critical run-off conditions for an 
area of this size would be the 6-hour thunderstorm which could 
precipitate about 15.8 inches of rain. This probable maximum 
thunderstorm was derived from 6-hour thunderstorms which have 
occurred in the United States and which are considered trans- 
posable to this area. 

Because of the general nature of the soils, 
and the general physical characteristics of the area, the 
intensity of sucha rainfall, and the known values of run-off, 
it is assumed that the run-off for the probable maximum 6-hour 


thunderstorm would approach 75 per cent. 


* Preliminary estimates of Probable Maximum Precipitavion 
over Southern Ontario, by J.P. Bruce, Conservation Branch 
Department of Planning and Development. 
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With a 75 per cent run-off factor this storm 
would vroduce a run-off of 11.85 inches. Applying this to 
the interpolated 6-hour unit peak value of Wied foyt yBy ) Sresuate 
in a peak flow for the gauge on North Creek Of. S52590u¢ ,ie8.3 
Or 250 c,s.m, 

This probable maximum peak flow of 250.cJewme has 
been used to estimate the spillway capacities of the various 
Bsites in the watershed and is modified only in direct pro- 
portion, as the rainfall amounts would vary with the size of 
the areas above the damsites, These figures are shown in a 


table in another chapter of this report, 


do Low Flows 

From the available streamflow records for all 
the gauges in the Big Creek Region shown in Table 3, it can be 
meen that periods of low flow usually occur in July, August and 


september, and occasionally in October, November and December, 


TABLE 7 
MINIMUM FLOWS RECORDED OVER THE PERIOD OF OBSERVATION 


Big Creek December POM, Giga 
at Port Rowan 7 

Big Creek August OG Cy ives 
near Delhi 1956 

Big Creek August 91 c.fySe 
at Walsingham 1956 


North Creek July GU eeawe 
near Delhi EI9G 


The average of the monthly mean flows is lowest 
for the period July to September, with August usually the lowest 


Month for all areas, 
Table 7 summarizes the low flows recorded at 
gauges on the Big Creek and its tributary North Creek for the 


Period of records. These apoly only to the gauge sites and 


« 


| PLA 
nu a 


=> | — nn van Pan. > 
7 , oy ee ae us 


es Aas 
: he re ; : . 
ke a cneoset 4 jochist ag 2 aoa ee 
oF 4 7 794 < 
eee : 
AY. ea 8d, giAt pueboak oe eens ‘ “ 
a | 


d 


® 


' 
“atlas i ‘ge as A 42., gaa to euisy.: PRM 
ne a ll 


a i 
a Tk - DES 34. ee oft) dtetcHe nin again 909 a - a 


a . 


ee ee 


~ 
é 


; ; 7 > 
- r - 
7 ‘ . * P., Sen ” * t - 
ae een. Dest es eine Het tt oat: ay “binds nociwaneiias acti ie 


mh 
2 tts pHhS: 4 ‘fatatet _ ee a 


nee 
of ane Ji wh elidel ot -twort: bok fea) ake ad, ahi a 


s 


Bis sauyuA ,.vibl ri 4 7 ¥ Kole wok, Ee abelteg, 


X) ny 


lke 
al a my a c ey 
“ ia MVE Leu ’ . 1 ey Cee 700 bite 4Oe 
eo 
3 
oh be SG 
' - ' ' 
; aT ah 
: fl 
oe 
fee te aes erin ——— — a —— - 
; ! 
*» . + ‘ ; + 
{ a wn : ty, 
i $ 7 r 
; i = u 
‘ i ' 
‘ t | 
es - Oe ae tet = wo A -~ 
) , 
j 
m - 
* Z “ ” 
; ° b= a ie Sh,’ Me 
i i rato Mc 
i : : 
a 
ee ee eee ee ene ee 
‘ 
1 
i 3 ~ 
: ee at a Oo \ 6 
} ' 
i i 
} 
‘ 
anlage es mn enema et ba 
p f r 
f ‘es ~~ - 
7 ~ a e @ 4 PwWG - i; ES y4 LJtire Ri eri? 


r Ba pin rcia ch ce iad ean 


iv 
oo 


; -28- 
9 
uring these periods of drought many of the smaller tributaries 


ould have little or no flow. 

D The flow of 6 c.f.s. recorded for the Big Creek 
ea, near Delhi, is equivalent to 3,233,160 imperial gallons 
per day. 
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WATER PROBLEMS 


1. Irtrodvetion 

Water is the nation's most valuable resource, 
It sustains life, grows crops, generates electric power, 
disposes of sewage, acts as transportation lanes, provides 
places for recreation to name just a few of the assets it 
provides. Without water, the earth degenerates to dry, arid 
deserts, devoid of any life and useless to mankind. 

And yet, although these assets are obvious to 
any thinking person, this resource is too often the most 
neglected. It is allowed to be polluted; quite often the 
headwaters are destroyed resulting in dried up streams curing 
the summer months; the natural water-holding capacity of the 
soil is upset by incorrect agricultural practices resulting 
in flash run-offs and destructive floods. Allowed to continue 
unchecked, this trend will turn many of the province's rivers 
and streams into liabilities rather than assets. 

Fortunately, responsible people in the province 
have taken steps to protect this resource. Today there are 
Nineteen established Conservation Authorities throughout 
Ontario and it is expected that more will be organized in the 
near future, One of the chief concerns of these groups is to 
ensure a more equitable balance between periods of excessive 
run-off and low flow. This means storing water and, in sane cases, 
Becty SConeuollingsiterdistribution. At the present time, 
most of the water demands in the Big Creek Region are met by 
the ground water storage. Most farms draw water from wells, 
a practice which is also followed by larger communities; 
Simcoe, for instance, draws 660,900 gallons per day from 
Springs or wells and Waterford draws 110,000 gallons per day 
from springs. Delhi, on the other hand, takes 200,000 gallons 
per day from North Creek while Port Dover and Port Rowan pump 


directly from Lake Erie. Both streams and wells are used for 
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7 =e 
jivestoek watering purposes whereas wildlife, of course, use 
Bay the natural source. Irrigation water is obtained 
primarily from dug-out ponds which are fed by the ground water. 
Concentrated pumping from streams does occur, quite often 
Beyiting in dry streams for a few days, 

The demand for water in commercial and indus- 
trial establishments is not too great at the present time and 


‘is chiefly confined to the processing of agricultural products, 


such as fruits, vegetables and dairy products. However, 
with the industrial boom presently underway in Ontario and 
with the completion of the Seaway it is expected that the 
denand for water for these purposes will increase rapidly in 
the next few years. 
Many of the municipalities and most of the 
Mnercial and industrial establishments depend upon the 
streams to carry away their waste products and, while this 
has not created too much of a hardship on the other water 
users as yet, it will certainly become worse unless suitable 
Measures are taken to prevent it. 

Mechanical and electric power can be obtained 


from the river by the use of water wheels or turbines. Lor ts 


necessary that a reliable flow of water be maintained wherever 
| 


these have been built. Although the Big Creek Region is not 
endowed with a high hydro-electric potential, small plants 
fave been built in the past on the various streams throughout 


: 
| 
q 


she watershed. Data concerning these plants can be found 
| 


In Table 8 which is an extract from a pamphlet entitled "List 


© Water Powers in the Province of Ontario", published in 1946 
i the Ontario Department of Lands and Forests. 

} Problems do exist to some extent now with the 
lultiple uses of the water and, for any conservation scheme to 


a success, much comoperation, tolerance and understanding 


should be exercised by all parties concerned. 
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mm. Peliution 
(a) General Effects 

Pollution effects are of two kinds: those 
affecting public health and those which are not a hazard t6 
human health but which are offensive to people or harmful to 
stock or to fish and other aquatic organisms. The first 
type can usually be measured by the concentration of an 
indicator organism (the bacillus E. coli.). The second type 
is measured in terms of poisonous compounds which may be 
introduced into the river and in terms of oxygen depletion 
and the oxygen demand (B.0.D.)*.  Silting has additional 
Bifects, Shifting sand bottoms are virtual aquatic deserts.t 
Se 0idal clay prevents light penetration and retards the 
growth of aquatic organisms, making the water unsightly and 
Mesirable for swimming. pulto trom Land of food wert1) uy 
May Occasionally fertilize the water, producing an unsightly 
growth of algae. More often silt covers the normal bottom 
fauna and destroys the stream for fish. 

ihe commonest type of pollution is that caused 
by the discharge of wastea cantaining dissolved or suspended 
Organic compounds. Domestic sewage and most industrial wastes 
jmere predominantiy of this type. Certain bacteria and other 
organisms cause the decomposition of these organic compounds 
by consuming the organic solids and combining them with oxygen. 
| The resulting shortage of oxygen in the water is one of the 
| chief symptoms of a polluted stream. 
Aerobic decomposition of organic compounds in 


Water, (i.e. in the presence of ample dissolved oxygen) 


-_-__ s —— ry 
—<—<———$— 5 la a ee 


* The B.O.D., or Biochemical Oxygen Demand, is a measure nf 
the oxygen that will be demanded by the material in the 
course of its complete oxidation biochemically. It is 
determined wholly by the availability of the materia] as a 
bacterial food and by the amount of oxygen utilized by the 
bacteria during its oxidation. 


t  Tarswell, C.M. and Gaufin, A.R., "Some Important Biological 
Effects of Pollution Often Disregarded in Stream Surveys". 
Proceedings of the 8th Industrial Waste Conference, 1953; 
Purdue University, U.S.A. 
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Pe 
finally results in the formation of compounds such as carbon 
dioxide, water, nitrates and sulphates.* Being comparatively 
stable, they exert no further demand for oxygen, produce no 
foul odours, and do not cause septic conditions in the water, 
They do, however, fertilize the water and stimulate the growth 
of plant and animal life in the stream, Dense growths of 
green algae are normally a sign that the stream is recovering 

Merom organic pollution. 

In the absence of dissolved oxygen in the water 
wanaerobic decomposition" of organic wastes takes place, 
Oxygen is then consumed from the organic materials and compounds 
remain such as methane gas, hydrogen sulphide gas, ammonia and 


others having little or no oxygen. Many of these products 


have highly disagreeable odours typical of polluted waters. 
| Sometimes the decomposition products are lethal to fish and 
Other aquatic organisms, but more often these die from lack 


of oxygen. 


| Since the amount of oxygen water can dissolve 
is so area sewage treatment facilities should be designed 
to turn out an effluent that is already decomposed biologically, 
so that the stream's oxygen reserves will not be called upon 
mee on appreciable degree for this purpose, 

Apart from bacterial pollution the types and 

Mb ondance of both plant and animal species ina stream provide 
an excellent measure of the condition of the water. At the 
One extreme severely-polluted waters may contain extensive 
8rowths of gray-brown paed vast numbers of scavenger types of 
bottom-feeding organisms, a great bacterial population (or a 


sterile condition), and little or no dissolved oxygen. At the 


‘Other end of the scale clean waters will support green algae, 
insect larvae, snails, clams, game fish and other organisms 


requiring abundant oxygen, 


| # Proper treatment of sewage wastes should include two phases, 
| primary treatment (mechanical removal of most solids) and 
secondary treatment (digestion of the remainder by aerobic 
decomposition, as here described). 


‘t Less than 20 parts of oxygen per million parts of water by 
| weight. 
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The time and distance required for recovery of 
a polluted stream depend on many factors, such as the tempera- 
ture and volume of flow of the water, the type of pollutant at 
the polluting effluent, the type of stream bed and types of 
obstructions such as dams, 

A full report on pollution in the Big Creek 
Region would require that the following work be carried out: 

(1) Bacterial plate counts at all points suspected 
of bacterial pollution, and at regular space 


intervals in the courses of the various streams 
elsewhere, 


(2) Measurement of the oxygen content in bacterially 
poilucted sections and where industrial wastes 


enter the streams, with additional measurements 


of the Biochemical Oxygen Demand below sources 


Of industrial and bacterial pollution iw order 
to estimate the rate of recovery of the streams. 

(3) Measurement of the amount of silting and tur- 
bidity, and their effects on the life of the 
streams, 

(4) Assessment of the present treatment plants, by 
relating the estimated minimum stream flow to 
the maximum flow of the effluent (provided that 
these can occur at the same time), 


(5) The assessment of the present pollution sources, 
apart from municinval treatment plants. 


(b) Conditions on the River Courses 

The following report is based on observations 
Made during a biological survey of all. the waters of the Big 
Creek Region, in 1955, and also on more recent information from 
the Water Resources Commission of Ontario and from other sources. 
Neither bacterial tests nor tests of the oxygen content of the 
water were made during the biological survey. At the time of 
the survey pollution could not be considered a major problem 
in the Big Creek Region as a whole. However, three sections 
of the river courses did show serious pollution. Delhi, on 
Big Creek, provides primary and secondary treatment to its 
Sewage and has one of the most efficient sewage treatment plants 
in the province. A station examined about 14 miles below 


Delhi on the main stream showed a wide variety of fauna and no 


important indicators of pollution. The whole creek and its 
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mh 
tributaries appeared to be in exceptionally good condition 
apart from a road crossing a quarter of a mile south-west of 
New Durhem, At this road crossing in North Norwich Township, 
there was considerable pollution from cattle. There is a 
chicken-killing plant at New Durham and it is important that 
wastes from this plant should not reach the creek, particularly 
“since the stream is reduced to standing pools in dry summers 
and there would not be a satisfactory dilution, Clear Creek, 
in Houghton Township, and Dedrich Creek, in South Walsingham 
Township, were both in good condition when examined, Young 
Creek, in Charlotteville Township, was in excellent condition, 
but there was a dump of garbage and other debris at the road 
erossing immediately wast of Walsh. [tulS possibile wnat. tis 
Bomp Might pollute the stream, 
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When the 1955 biological survey was made, no 
pollution was observed at any ef the 12 "reporter stations" 
on the Lynn River above Simcoe, At that time Simcoe's waste 


treatment consisted of an Imhoff tank and intermittent sand 


Metlters, built in 1914 and enlarged in 1928 and 1942. There 
were also other polluting effluents both above and below the 


treatment plant. The river itself was in a severely-polluted 


condition for several miles below Simcoe. 


| 
! 
i 


A new treatment plant using the activated sludge 


‘system was penned. and its construction approved, shortly 
before the Water Resources Commission took over the responsi- 
bility for pollution control in Ontario in 1956. The new 
plant is now in operation with a capacity of 1,000,000 gallons 
and should be amply sufficient for Simcoe's present size and 
Population (8,005 as of 1957). Assuming a standard capacity 
of 100 gallons per head of population, and efficient operation, 
‘the plant would take care of a population of 9,000 or 10,000, 


Plus a considerable amount of industrial waste depending on its 


quality. 
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The expected dilution of the wastes by the Lynn 
River must also be considered, There are no records available 
of the flow of the river above Simcoe, The best estimate, 
therefore, is calculated by deducing the probable minimum flow 
at Simcoe, in a given period, from the measured flow of an 
adjacent stream with similar characteristics, 

Based on the flow of Big Creek, prorated on an 
aerial basis, and using the method of calculating the proba- 
bility of the occurrence of seasonal water deficiencies which 
is described in Appendix Ves Sous cestimated that thertlow. or 
the Lynn River will not be less than 15-20 c.f.s. at Simcoe 
more thanonce in 5 years, The maximum flow of the effluent 
at Simcoe has been estimated by the Manager, Simcoe Public 
Utilities Commission, to be about 1,000 gallons per minute or 
about 2 c.f.s., and the normal daily summer maximum to be 
mec. ..S, The expected minimum dilution should therefore not 
me less that 7 tol. This appears to be a satisfactory ratio. 

It takes several weeks for a new activated 
Sludge plant to settle down to stable operation, and at the time 
Of this report (December 1957) this plant was not yet in its 
stable operating condition. The river was therefore still 
in a polluted condition. 

Even when the new plant is operating at maximum 
efficiency, there will still be several sources of pollution 
Which will remain to be dealt with. There appear to be two 
textile plants, whose effluents are still discharged directly 
mito the river. At the Canadian Canners plant, the effluent 
from the tomato waste division goes into a storm sewer and 
directly into the river. This is a very important polluting 
effluent. 

At the fruit preserving plant and jam factory, 
although the main effluent goes into the sanitary sewer, it 
@ppears that there may be still one pipe connected to the upper 


Pond of the river, It also seems probable that part of the 
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effluent from the operations of galvanizing and plating ina 
coupling and fitting plant, north-west of the upper pond, is 
entering the pond without proper treatment. 

There also remains cne street with a few private 
homes whose sewers are still connected to the storm sewer and 
Mererore pass directly into the river and not into the new 
treatment plant. 

Bb Port Dover 

While the problems of pollution at Port Dover 
gre Chiefly dealt with by septic tanks, there is now little 
doubt that there are @ number of sanitary sewers which enter 
anto the storm sewer ard thus into the Lynn River without any 
treatment, There are also a canning plant and fish and 
chicken processing plants whose effluentspass directly into 
the river. The severe pollution at Port Dover is a serious 
deterrent to the attractions of Port Dover as a recreation 
centre, 

| (2) Nanticoke Creek 
During the survey Nanticoke Creek was observed 


to be polluted, just above its mouth, by debris from a fish 


processing plant. 


3. Flood Problems 

Chapter 2 of this report gives an account of the 
flood history in the Big Creek Region Watershed. Unfortunately, 
missing records leave long periods during which no information 
regarding flooding is available. 
| The watershed is fortunate, however, in that 
its topographic and physical characteristics tend to prevent 
the serious floods which occur in most other watersheds. The 
area is mainly flat which prevents fast run-off. The soil is 
predominantly of a sandy texture which has high infiltration 
rates, The main watercourses are located in deep valleys 
Which are high enough to contain most of the flood flows.and 


harrow enough to prevent extensive development close to the 
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rivers. Past damage has been done mainly to riverside struc- 


tures such as bridges, cams, mills, etc. Urban development 


has been largely cn high ground although there are instances 


Of where water has risen into built-up arcas,. 


In February of 


1954 the Lynn River flooded some riverside homes and damaged 


Bulverts in the vicinity of Simcoe, Again dine Febnuary doi, 2956 
moe tlooded parts of Pond Street, In general, however. the 
flced problems are not considered to be serious. Sore channel 


improvement works at Simcoe would improve the flow and reduce 
mee OccUrrence of future flocding. Ghetrcone_ niuct tors ere.con— 
brolled conservation storaze dams would also aid in controlling 
the flood flows, 

Ice jams can cause sericus floods even when the 
Meee flow is below the considered flocd level, Damage can 
occur oes thermouth of the rivers when "“icexnshoves" occur, 

Meeec ere uUsuaily due to a combiration cf (1) a heavy ice sheet 
mermne in ouiet backwaters from the lake, preventing ice floes 
Meomethe river yessing sut into the lake, or (2) ice floes 

mom the lake piling up in the river mouth by strceng on-shore 
minds coinciding with the river break-up. 

im the case cf the former, “ice channelling" 
throveh the heavy ice sheet prior to the river break-up offer 
Some measure of relief and may prevent the fcrmation of ice 
jams altogether, If the outlet is threatened by ice floes 
from the lake, a tug might be employed to keep the mouth 
Open, itis understood that ice channelling has been resortel 
to in the past and it is strongly recommended that it be con- 
tinued as required. 

Ice barriers brought in from the lake by wind, 
and consolidated by freezing spray, at the present time can 


Only be removed by blasting. Experiment with Thermite* and 


a ee ae ee 


—- 


[= Thermite is a trade name for a mixture of aluminum powder 


and a metallic oxide (usually iron) which develops a very 
intense heat when ignited. 
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coating the ice vith a dark substance to increase the solar 
Meat absorbtion, have been carried out, The former has not 
proved successful; in areas where large amounts of cinders 
are available the latter method provides an economical means 
of reducing the hazard, 

Flood damage can be reduced by an early warning 
“system Which would warn the downstream areas of the impending 
flood. The establishment of such a system should be encouraged, 
Proper land use and good conservation practices in general will 
Bid in reducing fast spring run-off and consequent floods, 
Gare should be taken in the future that commercial and resi- 


dential development does not extend into areas subject to 


lmlLooding, Bridges and roadways constructed across valleys 


‘should be designed to handle the expected peak flows and offer 


‘as little obstruction as is economically possible. 


4 Irrigation 


Irrigation of tobacco is widespread throughout 


| 
| 
| 
the area wherever soils of the Fox, Plainfield or Bookton sand 
types occur, The heaviest concentration is in the North Creek 


area wnere the percentage of farmers irrigating has risen from 
almost zero per cent in 1952 to over 60 per cent today. The 
Tate of increase reached its peak in 1955, mainly due to the 
dry weather experienced during that year. Although there has 


Only been a five per cent increase in the number of irrigation 


systems during the past two years, it is significant that there 


has been a 20 per cent increase in water sources, as the farmers 
have gone ahead and dug ponds in anticipation of dry weather. 
Should a drought similar to that of 1955 be repeated, it is 
almost certain that the acres irrigated would exceed those of 
5 5. 


At present, irrigation is limited mainly to 


tobacco, It is conceivable, however, that with the expected 
srovwth in population, farmers will find it economical to 


lrrigate other crops such as vegetables, potatoes and pasture. 
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Today, only about 4,000 of the 14,000 acres in the North Creek 
watershed have been granted tobacco rights, Tree VSS Sea 
acres were irrigated; that is, 12.48 per cent of the total 
acres in the watershed, or 44.83 per cent of the base tobacco 
acreage rights. (In 1957, the figures were :401 acres, or 


3.87 per cent and 10.26 per cent respectively). With the 


advent of increased tobacco acreages and other crops being 


irrigated, it is easy to visualize an irrigated acreage of 


| 
)3,900 acres or 25 per cent of the total acreage in 15 or 20 


years hence, These figures apply to the North Creek watershed 


only and some consideration must be given to the irrigation 
potential of the other areas, Consideration must also be 


given to the future development and water demands of areas 
| 


downstream and plans be made to ensure an adequate flow in 


the streams. 

| Since irrigation in the Big Creek Region is 
‘presently concentrated in the North Creek watershed, a detailed 
investigation was made of the water requirements and problems 


jee that area, 


Table 9 shows a summary of the 1955 and 1957 
irrigation and water usage survey made on the North Creek 
watershed, The -information and recommendations resulting 


from these surveys can also be applied to other areas within the 


Authority where similar conditions are possible in the future. 
| During the dry summer of 1955, a study was made 
| 

(at the flow in the various rivers of the Big Creek Region, It 


was found that where streams had their headwaters in sand plains, 


flow was maintained longer than those which rose in clay plains. 


Big Creek and its tributaries maintained a fairly steady flow 
in most cases, This was also partly true for the Lynn River. 
Both of these rivers lie in sand plains. Black Creek, on the 
Other hand, was almost completely dry on September 14th. In 


this case, the stream flows through a clay plain. 
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Total number of Farms 
Total growing Tobacco 
Total not growing Tobacco 
Total irrigating 


Total not irrigating 


Total Acreage © 


Touar Acres ‘Tobacco 
Rights 


Total irrigated Acres 
wer, cent. of Total. 


Total irrigated Acres 
per cent of Rights 


res irrigated Year | Acres 
-om omc LO / OD anise fore 
(Figures obtained MOD OWT 1 Di:/ 
from 1957 Survey) 

295% LO1 


The above figures were 
surveys. Differences 
total acreages are due 


TABLE 9 
IRRIGATION AND WATER USAGE 


Ml 
hed 
is a. 

| i” 
| 
| a, 

¥ * 

aoe ee ren crenata 

7 i 

, 


SURVEY 1955 & 1957 


per 
cent 


LOOT 


Survey 


Le LOU 100.00] 15,971 
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1670 15.89 LOL 


al 
1,670) 44.88 9 401) 10.26 
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Obtained by 2 farm to farm 
in the) number of farms’ and 
to the differences in the 


extent of the surveys and also the changing owner- 


Sip Of land. 
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This phenomenon is due to the sandy soils being 
able to absorb more precipitation and thereby reduce the surface 
run-off. This builds up the ground water storage which feeds 
the streams during periods of no precipitation. The clay 
soils, on the other hand, have low infiltration rates and 
consequently less available ground water. rom “Git se saecan 
be seen that during drought periods, stream flow relies on 
the amount of water stored in the aquifer. This flow is 
required to dilute effluent from sewage disposal works and 
provide water for municipal, livestock and wildlife needs, 
should the flow be too little or the stream dry up completely, 


Meerious consequences can result, 


These facts must be kept in mind when consider- 
ing possible water sources for irrigation needs. During 1955 


on streams, Some farmers dammed up the rivers or diverted 


there were a number of disputes arising from the use of water 


the flow into by-pass ponds, thereby preventing flow to down- 
stream users, Quite often a group of farmers would pump 
|heavily from the same stream reducing downstream flow, and in 
some cases cut it off completely. Fortunately, only (2h07 
| Per cent of the irrigators in the North Creek area pumped water 
from Pereams an 1955. The majority drew water from ground-~ 
water fed ponds (67.9 per cent). Other sources were wells, 
by-pass and run-off ponds. In 1957 the number of ground-water 
fed ponds had increased to 71.13 per cent with stream sources 
dropping bOmlipswo. per cent, From this, it can be assumed that 
the farmers are resorting to the more reliable dug-out pond. 
|}In actual numbers, there were 55 ground-water fed ponds and 


i 


20 stream sources in 1955. This had changed to 69 and 14 


Mespectively rm 2957/7 These figures can be found in Tables 
Lo mad Ll, It should also be noted that in 1955 only 10 per 
‘cent of the water sources were considered inadequate, whereas 
Mm 1957 the figure was 4.12 per cent. However, 14.42 per cent 


lof the sources in the latter case have not been "tested", since 
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me _«- 1955 SURVEY - IRRIGATION WATER SUURCES 
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DAB E Bey 
1957 SURVEY -— IRRIGATION WATER SOURCES 
- Distribution of the Various Types of Sources 
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the past two years have been wet years, and the ponds recently 
dug have not been pumped sufficientlv to ascertain their 
adequacy. 

Complaints were also heard during the summer of 
75> from people other than irrigators, Dairy farmers down- 
stream were afraid that the stream would dry up and their 
livestock be left without water, Wildlife officials were 
“worried about the consequences of low flows and heavy pollution 
men the fish and game povulations. Some communities were 
worried about their domestic water supplies. The problem, 
therefore, is to determine the best method of providing irri- 
gation needs and still maintain adequate flow in the rivers. 
From our preliminary studies* it was seen that 
‘for mae years irom 1937 to 1956 inclusive, the moisture defi- 
Meency for the period from July 1 to Aueust 15. varied from 
Mae d> inches to 4.46 inches with an average of 2.95 inches, 
PeroObability studies show that a moisture deficiency of 3.0 
Mmaenes for the above period would occur 48.0 per cent of the 
time, and 4.0 inches about 11.9 per cent of the time. Should 


Water be provided for a deficiency of 3.0 inches, a pond of 


G., x 32) = 8 acre feet would have to be provided for each 32 
Meeres Of tobacco irrigated. Allowing for evaporation and 
“seepage losses, 2.52 inches could be available for irrigation 


en July 15. Assuming a dry growing period and allowing for 


(evaporation and seepage, there could be one inch Cf teria ror 
“about July 15 and 1.52 ~ (0.14 evaporation) = 1.38 inches for 
}one or two apvlications at about August 1, which is believed 


iGO be none too much, 


In 1955, Hisey and Barrington, Consulting 


Engineers, were engaged to investigate the irrigation water 


‘supply problem, and in their report they recommended that the 


Necessary water be provided by means of (a) dug-out ponds lined 
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* See Appendix "A", Irrigation Water Requirements. 
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E 
with Bentonite which would be filled during the spring run-off 
& 

period when there was a surplus flow in the streams, (b) 


construction of small temporary dams across small tributaries 
‘and drainage ditches, and, (c) construction of one or more 
Bercer dams on the main streams. 

Since many of the dug-out ponds in the area #u 
‘down into the ground water the lining was recommended to, 
Brirstly, permit the storing of water above ground-water level 

“and thus increase the capacity of the ponds and, secondly, to 
prevent the use of ground water for irrigation, 

In addition, the possibility of providing a 
storage pond on each farm which would be filled from one large 
storage concentration on the main branch of North Creek was 
investigated. This system required long pipe lines, large 
pumping units, and the cost was prohibitive. 

Furthermore later studies and tests with pond 
Pinings indicated that this could not be done economically and 
therefore the use of lined dug-out ponds for storage purposes 
mas not practical. 

The preceding schemes were based on the premise 
that it is unwise to draw water from the ground water storage. 

‘The ground water feeds the streams during the dry season and 
by using this water for irrigation, the water table is pro- 
gressively lowered until eventually the flow to the streams 
Bs reduced or cut off completely. ith was tor this) neason 
that the preceding schemes suggested lining the ponds with 
impervious Bentonite which would prevent the ground water from 
‘seeping anco the ponds. 
| Although this school of thought is correct, 2% 
‘is not necessarily critical for the North Creek region, Dean 


3. Muchel* states: "To conserve ground water does not mean tO 


moard it or to stop using it. It means proper use within the 


eens ——— 
— ——_ - — a —— i a a _ 


g Pumping ground water so as to avoid overdraft. oe peeks 
’ Yearbook, Water, 1955. 
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limitations of the known supply and its replenishment", | 

Overdrafts or shortages of ground water have developed in 

areas where uncontrolled use has occurred, This has happened 

where there has been a rapid growth of industry or cities, or 

in the Western United States where pump irrigation has developed 

to vast proportions. These overdrafts occur when the removal 

of water exceeds the recharge or the safe yield of ground water. 
The ground water storage is supplied from inflow 

from other underground sources and from the infiltration of 

precipitation. Outflow, on the other hand, consists of one 

or all of the following items: Evaporation and consumptive 

use from land of high water table, surface streams discharging 

out of the area and underflow. The water level of the under- 

ground storage depends on the seasonal changes in inflow and 

outflow. During dry periods the water table drops, only to be 

recharged during the wet periods. 

When pumping from the ponds is started, it is 
accompanied by a drop in the water level. The drop increases 
the opportunity for recharge from influent streams, reduces the 
underground outflow and the evapo-transpiration from uneconomic 
plants and wet lands. It increases the absorbtive capacity 
of the soil thereby enabling better penetration of the rain 
falling on the soil surface during the wet periods. ie this 
stage of development, the use of ground water functions as a 
conservation measure by converting uneconomical losses to 
Bneficial uses, In this respect, a ground-water reservoir is 
lot unlike a surface reservoir. Tt can be said thatca reservoir 
that is maintained full or nearly full at all times is not being 
used to the greatest advantage. Because tod rthisifea: fatting 
water table during dry periods should not necessarily be viewed 
with alarm, Tt is the water stored during the wet period 
which is being used and in so doing the storage capacity is 
being increased for the wet periods that follow. On the other 


hand, a falling or even static water table during wet periods 
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indicates that the reservoir is not being fully revlenished. 


This is a serious condition since it indicates an overdraft. 


+ 
if 


The disputes and cessation of flow which occurred 
in the North Creek watershed during 1955 were not caused by a 
lowering of the water table to a point where the underground 
water ceased flowing to the stream, The real trouble lay in 
the indiscriminate pumping directly from the streams by farms 
along their banks. Proof that no serious damage was done to 
the ground water storage lies in the fact that during the 
springs of both 1956 and 1957 the water table rese to within 
a few feet of the soil surface, Even as late as September 
of 1957, a few pools of water were observed in fields in some 
areas of the watershed, indicating a drainage problem, Some 
of these fields had been idle the whole summer due to the high 
water table but it must be remembered that 1957 was considered 
a wet year. 

It should also be noted at this point that the 
rate of flow of the ground water is generally considered to 
be very slow. This means that any local serious overdraft 
or drop in the water table would be felt at the streams at a 
period much later than when the actual withdrawal was made. 
This is especially true in the North Creek watershed where 
ponds which could affect the flow of North Creek lie some 
distance from the actual stream. In 1955 some streams dried 
up during the 5--or 6-weeks drought period when pumping was 
earring. Had an overdraft occurred from ground-water pouds 
We would not have been felt at this time, but rather at a later 
period, at which time it probably would have not been critical 
to the stream flow, since the drought had been broken and the 
Stream flow increased by local precipitation. 

It is evident, then, that streams which dried 
up during the irrigation period of 1955 did so because of one 
Or both of the following two reasons: (a) extreme pumping 


directly from the streams, (b) the streams passing through an 
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aquifer with low storage capacity. (The latter case is 


typified by Black Creek which almost dried up completely. 


This river lies ina clay belt, away from the tobacco lands). 


ground water storage when compared to the total annual recharge. 
In view of the preceding discussion, the use 

of ground-water fed ponds is encouraged. However, observations 
should be kept of the ground water levels and test wells, with 
mtomatic or manual recording devices established to observe 

and record the daily and seasonal water level fluctuations at 
Pious points throughout the North Creek watershed. These 
recordings only beccme significant when a sufficient number of 
years of aata has been obtained to detect any serious deviations 
from the normal fluctuations. pbthough 2b is felt) that. au 
present the amount of water removed from the ground storage 

is not large enough to cause any alarm, it must also be stated 
that this condition could very easily change in the years to 
come. Sound planning advises, therefore, that a number of 
ebservation wells be established now in order to provide the 
Mincers in the future with a reliable and accurate history 

of the movement of the water in the aquifer. It is imvortant 
that expert advice be obtained in the selection of the location 
of these wells, 


There are a number of farmers whose ponds are 


gly gpa ba’ 4, 


not yielding sufficient water to allow continuous pumping, 


Mas condition is due to one cr more of the following veasonus: 
Z 


(1) insufficient water in the aquifer, (2) incorrect pond 
i 


conetruction, (3) incorrect pond location, (4) the farmer 


feir land as soon as possible. Consequently, they operate 


igh capacity pumps which soon pump their source le Ga ape There 
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is a supposedly true story which typifies this point, In 
making an irrigation survey of the area, the investigator 
asked whether the owner had irrigated and,if so, how much 
“water had been applied. "Why sure!" came the answer, "this 
year I irrigated it real good. Why I had 6 inches of mud 
mall over the field at one point", Although it is hoped that 
this is the exception rather than the rule, it is felt that 
more irrigation "know-how" is needed among the farmers, 
. During the irrigation "boom years" of 1952 to 
“1955, many unscrupulous pond diggers invaded the area from all 
parts of Ontario. It has been said that "any fellow owning 
4 dragline was out there digging holes", Consequently, many 
ponds were badly constructed and poorly located, which has 
‘resulted jobmany “enlargings", "rediggings" and diaeine of 
Wsecond"” ponds in the past two years. Thus a second point 
Brises. It is recommended that some expert person or persons 
be available to advise in the future on the construction of 
ponds. 
: The problems of the aquifer not yielding 
sufficient water, or the water table being too deep to permit 
the use of dug-out ponds are probably the most serious, Farms 
located on the river banks are confronted with these problems 
since the river valleys vary from 40 to 50 feet in depth, the 
water table is drawn down to a depth far below that practicable 
For a pond, Consequently the farmer draws water directly from 
the stream which creates the problems mentioned earlier. The 
logical solution to this problem and the future water demands 
for the area, lies in the construction of a dam, or series of 
dams, on North Creek. This would raise the water table along 


the river and allow farmers to pump directly from the reservoir, 
| 

It would also provide adequate storage to ensure a reliable 

g : 

_rean flow and meet the growing domestic needs for Delhi and 


other communities. There would also be adequate storage to 


Provide at least eight acre feet of water to all the farms in 
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Two pumps drawing water directly from a stream to irrigate tobacco 


A typical dug-out irrigation pond in the Delhi area. 
Note the pump in the background. 
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Yi alle 


cted run-off pond. This should be improved by an adequate spillway, 
keep out cattle and a drinking trough placed outside the fence. 
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e watershed should the growth of irrigation ever reach the 


. 


proportions which would cause a serious overdraft of the ground 


water storage. The schemes examined are outlined in Chapter 5, 
Bs 
"Available Conservation Storage". 


A preliminary estimate of the cost of the large 


= 


dam as outlined in Scheme "A" would be $528,200 if clay is 


available for the construction of the earth fill. Poe eon. G , 
then a steel sheet piling cut-off wall would have to be placed 
in the centre of the dam which would raise the cost to $646,800, 
The unit cost of this dam would be $252 per acre foot and 

$307 per acre feot respectively. These figures, along with 
Bose for Scheme "B" are shown in Table (12). 

Recent investigations have brought to light a 

Bird possible dam site on the North Creek where the valley 
marrows just below the confluence of the North and South 
Branches. A dam here would flood both the North and South 
Branch valleys giving, it is hoped, a lower unit cost. Before 
any final decisions are made on either of the North Creek 
schemes or the Lehman Dam, it is felt that this site should be 
investigated. 

| Finally, it is desirable that a sense of co- 
Operation be developed among users of the stream flow. In 
many instances in the past it has been obvious that the selfish 
ma indiscriminate use of the river water has robbed or denied 
water to downstream users. If such a spirit of co-operation 
is impossible to attain then it is recommended that the powers 
ented by The Conservation Authorities Act be used to ensure 
Boal and fair use of the stream flow. 
Sand Points 


a 


9 Sand points have been used in rural areas for 
‘many years as a means of obtaining a domestic water supply from 
the Boil, Where there is a high water table, farmers have 


been known to drive a point into the ground to a depth of 6 to 


'. feet and obtain an adequate supply. 
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TABLE 12 
PRELIMINARY COST ESTIMATES FOR NORTH CREEK DAMS 


Assuming no clay available 


Storage 
oa hee 


Unit Cost 
$ per Ac.Ft. 
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646,807 
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1653512 


308 
531 
pe 


oe 


clay is available. 


528,187 
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Unit Cost 
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140,700 PAptS 2 be 
t Oui: 70 25980 
i Scheme A - 57-foot Dam at Lower Site 
2. Scheme B - 42-foot Dam at Lower Site 


in conjunction with 
25-foot Dam at Upper Site 
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In recent years, this principle has been used 
for irrigation water sources, Larger diameter points are 
put down in batteries of four or more with their outlets 
nanifolded together at a central point where the pumping unit 
2 located. A number of such units do exist in the North 


greek watershed and from all reports have proved to be success- 


The source of water is still the ground-water 
storage which places it in the same category as the dug-out 
pond. There are some advantages of this system, however, 
hhich should be mentioned. Firstly, the evaporation losses 
which occur from farm ponds are eliminated, Secondly, the 
eoncentration of withdrawal can be spread over a larger area. 
Thirdly, valuable crop land need not be permanently taken out 
of production, since the laterals running from the vertical 
points to the pump could be placed deep enough below the soil 
surface to allow cultivation over them. 

In areas where the land is not needed, the 

Bt erals are placed on the ground surface. 

It is necessary, however, that expert super- 
Vision be obtained in the placing of these systems. LoSLS 
Fecommended that only one point be driven first and then test- 


pumped to determine whether the aquifer will provide the 


4 


required volume. 
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CHAPTER 5 
AVAILABLE CUNSERVATION STORAGE 


General 


Detailed topographic maps of the Big Creek 


Region were examined for suitable reservoir sites. Altogether, 
me Sites were selected and examined in the field, of which 
twelve appeared to be suitable for reservoirs. Of these, 
three were selected for more detailed study which included 

Me cying and preparing contour maps. 

| The selection of these three sites was based 

on One prime factor, namely, the need for a storage reser. 
AS to compensate for the water being used to irrigate the 
Bpacco lands in the North Creek area. This is “essential for 
Bhe maintenance of stream flow for downstream uses such as 
domestic and industrial water supply, dilution of sewage 
effluent, livestock reyguirements, etc. (This problem of streams 
running dry due to excessive pumping for irrigation, was 
experienced during the dry summer of 1955). Other considera- 
eons were flood control, recreation, wildlife and low storage 
.. 

With the construction of the recommended dams, 
the present problems will be overcome. However, it is 
hecessary at this point to give some consideration to the future 
development of the region, 

There has been a rapid growth of population in 
ntario during the past few years and it seems unlikely that 
his trend will be altered considerably. long with this 

has come much industrial development which is taking out of 
Production many acres of valuable agricultural land, There 
no reason why the Big Creek Region should not share in 


his development provided sufficient water is available to 


meet the consequent demands. These two factors, namely, 
reater population and industrial development, and the reduction 
f crop producing acreages are bound to affect the existing 


ee icultural practices. Where at present only tobaccce is 


RD 


re oe 
he a ne ? Ve 
v4 TA en 
if 5 : a ‘ Z 
Bi," can ‘2 
Be. aM “a 
7 ae y 1s be " 


er POM er 
kG at ‘ ry ae; Shh Fie) ae oes | ta Ay i Si R; ee ee ore aie - Me 
> * = . . an | a 4% b | 


r 


kat feria he 


5 ly 


‘ , ; P r « Ss a * 
y, } Be,” io hy eee. bea 2, ' Mh ih heat 


t s . 
* 
Ty"? -— oe “” ic ‘i 
; 4 sy eige ate 
* 
; - oe Fm! 
i Le 
A ' 
’ ey 
™ is } . j T i rh) Guat ae 
‘ = ( * 
4 ” 
é 
Ta) | 
cd J 
é P 
. ee 
” : j 
~ 
j j 
r * 
4 
i . 
| i 
} r 
a 
‘ it “ 
r 
4 z 
e 
‘ ~ ~~ - + ohh 
e roe 
7 + f b, 4 , ii Ew 
* 
‘ 
+ 
+ ns 
yc } 
A 2 
i 
~ 
sail 
. 
! > ] 
i 4 si 
‘ * 
’ * a°t 
« ‘ o 
; ‘ 
3 i \ v4 LI 
on + ‘ & 
a ‘ 
. 
9 * 
‘ be 
ib io ‘ 4 if 3+ o 
‘ 
id 
a! > : ~y 4 ¢ * 
he o ] 54) be = te =e 
5 i 
° ar ’ * < a Fe ky 
r] is } é os 4, W Seal 


HE Om 
Meidercd sufficiently profitable to warrant intensive 
farming and irrigation, it is inevitable that other specialized 
crops will be required as this development takes place, This 
gill bring even more acres under irrigation thereby increasing 
pne demand for water. 

it is difficult to visualize the exact degree 
Df development within the next 25 years, or even the next 10 
years, but it is necessary however, to make provisions now to 
meet the increasing demand for water. It is not suggested 
that all the dams be built at the present time, but rather 


that the Authority acquire the necessary land while land values 


are reasonable. As the area develops, the demands for land 
By industry, golf clubs, residential areas or by individuals, 
‘will send land values upwards as has happened in other indus- 
Brialized areas in Southern Ontario. Should this happen, 
he eost- Of acquiring the necessary lands for the development 
of PeservyOirs would be exorbitant and even prohibitive. By 
Mequiring the land now at a low cost the dams could be built 
. the demand for water warrants them. In the meantime, 
Bois land could be rented or turned into a recreational area 
Bhereby creating a source of income for the Authority. 
| Besides the purchase of land, other costs are 
Merous and varied. The major expense is in the dam itself, 
phe cost of which varies with the height and length of the 
Structure and the size of spillway required to pass the peak 


Flood flows without endangering the structure. The spillway 


section involves expensive reinforced concrete works and in 
some cases steel sluice gates. Other costs are re-routing 
Poads and railroads which would be flooded; replacement of 
Bridges; clearing the flooded area; building fences, etc. 
Infortunately, the valleys in the North Creek area are narrow 
ind the stream gradients are steep. These factors do not 
end themselves to low-cost storage, but the benefits to be 


lerived from the reservoirs in the future will far outweigh 


Be initial costs, 
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Locations of all the reservoir sites investi- 


gated are shown on the plan of the watershed, Figure 1, 


Recommended Reservoir Sites 
(a) North Creek Reservoirs 

Since the North Creek presents the most urgent 
moblem of a water shortage due to irrigation during dry 
summers, suitable storage basin locations in this area were 
investigated. Two sites were selected; one running between 
Bots 42 and 43 in Concession I NTR of Middleton Township, and 
Me Other in Lot 42 of Concession II NTR. (The former will 
meterred to as the Lower site, and the latter as the Upper 
Site), 
| Two possible schemes are proposed. Scheme A 
would involve building one large dam to an elevation of 760 
feet at the lower site. Scheme B would require two dams 
being beetles the lower to an elevation of 7/745 feet and the 
dpper to the 760-foot elevation, 
(1) Scheme A - consists of a single dam 57 feet 
high Cnemeorteet long at the lower site. This would raise 
the water level to the 755~foot elevation eleminating the uvper 
cite which would .be flooded to adepth of 20 feet. The 
reservoir would extend back 2.2 miles from the dam and provide 
Mepotal of 2,100 acre feet of storage with a surface area of 
160 acres. The buildings in the north half of Lot 42, Con- 
cession I NTR would have to be removed; and a 1,000-foot stretch 
Of road in Lot 42 between Concessions I NTR and II NTR would 
e flooded. 
The contour plans of the reservoir sites and 
g storage and area curves for these schemes are shown in 
igure 6, The estimated cost of Scheme A, assuming that 
Bitable impervious material for the core-wall is at hand, is 


8,187, 
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are 
(2) Scheme B 


The Lower site is located about 600 feet north 


f Highway No.5 where the top of the valley narrows to about 
500 feet. An earth dam with concrete spillway placed at 

his site would be 315 feet long and 42 feet high above the 
stream bed which has an elevation of 703 feet. inevreservoir 
ould extend 1.5 miles upstream and have an average width of 
mo feet giving a surface area of 54 acres and a storage 
sapacity of 596 acre feet. 

The only building affected:is located in the 
north-east Hoarcer of Lot-42..Concession: 2 NTR, Although it 
Will not be flooded, it is probable that the high water line 
Will be fairly close to the building. 

The conerete culvert in Lot. 42,° Concessions 
T-II NTR should be of adequate size; however, it appears:to 
De in only fair condition and may have to be replaced. 

. The valley is at present heavily wooded with 
scrub and a few good elm and pine stands. 

The Upper Site is located in Lot 42, 

ae AON TR, This dam would be 295 feet long with: 
ect being 25 feet above the stream bed ellevatiion of (Sor teen. 
A 5-foot Beeetoara would be provided making the spillway ele- 
ibn pl eroet. It would be similer to the lower dam in 
construction. The reservoir would extend 0.8 miles upstream 
Bh, an average width of 350 feet. It would have a water 
Surface area of 50 acres and a storage capacity of 280 acre 
feet. | 

Although the reservoir would not flood any 

it would necessitate the 


Buildings or valuable crop land; 


aising of two roads, vig, thevsouth Norwich townline road 


n Lot 41, Concession II NTR, Middleton Township, and the road 


Yetween Lots 4O amd 41 of the same concession. These works 


luld be approximately 200 feet in length. The valleys are 


11 wooded and would require clearing. 
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The two dams would provide a total storage 
pacity of 876 acre feet at an estimated cost of $423,086, 
f suitable impervious core-material is not readily available 
he cost would be about yell, S87. . The sort an the vicinity 
m@ ‘these two sites is believed to be of a light sandy texture 
and soil borings would be required to determine the type of 
Onstruction for dams at these sites, Therevis a) olay 
leposit east of Delhi which could be used as a source for core 
terial, or a watertight cut-off wall of steel sheet piling 
fould be constructed. The economics involved in these two 
ywpes of cpnstruction is summarized in Table 12. 

(b) Delhi 

A third reservoir site was surveyed just north 
mnie ctOwn Of Delhi on Big Creek. The damline is located on 
Be Hot line between Lots 23 and 24 of Concession X in Windham 
ownship. The dam would have earth-fill embankments with a 
pncrete spillway fitted with steel gates. The crest would be 
5 feet above the stream bed allowing for a 5-foot freeboard. 
nis would give a water level elevation of 725 feet. The 
tructure would be 450 feet in length. The reservoir would 
Ktend 2,5 miles upstream with an average width of 460 feet; 
total Bt face area of 182 acres and a. storage capacity of 
05 acre feet. 

The valley is densely wooded with underbrush, 
oplars, alders and some merchantable cedar. The valley floor 
5 wet and swampy with a number of single track roads in poor 
Ondition passing through it. Should the dam be built, the 
Sad dividing Concessions IX and X of Windham Township would 
8 flooded to a depth of 8 feet for a distance of almost 
000 feet (where it passes through Lot 23) and consequently 
luld have to be abandoned. Another road will have to be 
ised for a distance of about 200 feet in Lot 22, Concession 
Reo timber bridge at this point is in good condition and 
ae have about five feet clearance when flooded to the 


25-foot elevation. A third crossing on the line between 
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pencessions VIII and IX in Lot 22, consists of a concrete and 

Feel Orweee 1n Good’ condition. The reservoir would narrow 

this point thereby preventing any flooding of the road. 
The contour plan of this reservoir is shown in 

Figure 7 and the dam and reservoir data for all the above 


Meservoirs ercevtabulated in Table: 153A, 


eB Other Reservoir Sites 
(a eGlenshee 

pigeons. ce is. locatedsuen Trout. Greek in lou ., 
Soncession X of Charlotteville Township. A detailed survey 
NaS not made; however, from the topographic maps, it is 


estimated that a dam 24 feet high would form a reservoir 1.6 


files long covering 77 acres, with a storage capacity of 608 


The damsite is heavily wooded and the pond area 
lis Overgrown with weeds and bush. Further upstream is located 
e cOrrugated iron arch-type culvert under a sand road. iss 
ulvert replaced an old timber dam and bridge but. the original 
ond eon os ei Lted up to the evel of. the old spitiway., The 
lew dam would flood over these structures. 
(b) Langton 

This site is located on the Venison Creek in 
Ot 6, Concession XIII of North Walsingham Township. From 
Opographic maps, it is estimated that a 30-foot wall would 
Bore 1,056 acre feet over an area of 211 acres. The reser- 
Dir would be a relatively short wide body of water with the 
rn Wert being 4/5 feet long. 
The valley has steep banks which are well 
jooded and will require clearing. An Old dam is located 
frther upstream at the first road crossing. Nearby are two 
pod farm buildings and a concrete-block house. Should ithe 
- Hialceyats height could be such that these buildings 


Duld not be flooded unless necessary. 
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(c) La Salette 


An estimated 3,264 acre feet of storage could 
pe Obtained by building a 23-foot high dam on Big Creek, 
just north of the Michigan Central Railway tracks in Lots 20 
and 21, of Concession VIII, in Windham Township. The dam 
mrould be about 660 feet long and would create a reservoir 
1.8 miles long with an average width of 680 feet. 
Suitable impervious fill material would probably 
have to be brought in from some other area since the. S17 as 
the damsite is of a sandy texture. The valley is well wooded 
with heavy bush and some merchantable timber. There are two 
road crossings further up the river which would be flooded 
should ome reservoir be raised to the 750-foot elevation. 
pince no detailed survey has been made of the site, it cannot 
pe said here whether or not new bridges would have to be 
Built, In all probability, the existing structures will 
suffice; however, the road approaches would have to be raised. 
Farmers are pumping water from Big Creek at 
mis location to irrigate their tobacco crops. By construct- 
Ing this dam, an adequate supply will be stored and stream flow 
haintained. 
(d) Marston 

Pos Si pes 1ocated on Venison Creek. tae lor. 
ust north of the road separating Concessions VIII and IX in 
orth Walsingham Township. The reservoir would lie about one 
fle west of the village of Marston. 
The valley at the site has steep high banks, 
hd is suitable for a 30-foot dam, 425 feet long. Suitable 
lay material is available. The reservoir would be 2.0 miles 
ng with an average width of 635 feet, giving a total storage 
f 3,280 acre feet covering 192 acres. 
The valley is well wooded with dense undergrowth, 


mere are three bridges in the area, one of which would defi- 


. 


ttely be flooded by the proposed reservoir. The valleys at 


ese points are V-shaped with steep wooded banks. 
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-(e) New Durham 


This damsite is located just east of the village 
of New Durham in Lots 21 and 22, Concession rxs) insburtord 
Township. A small dam, 9 feet high, would create a 58=acre 
pond storing 96 acre feet of water, 

; The area consists mainly of pasture land on a 
fairly heavy clay soil. There is no tobacco being grown in 
the immediate vicinity but water for irrigating other cash 
crops may be required in the near future, 

me (f) Oriel 
This location is suitable for a small dam 13 
feet high and 790 feet leng. The site is about 14 miles 
south of Oriel in Lot 11, Concession VIII in East Oxford 
Township and has a drainage area of 3.6 square miles. 

| The dam would create a lake covering ’/77 tacres 
and storing 256 acre feet. The area at present is cultivated 
and planted to tobacco right to the water's edge. Since this 
Site is in the headwaters of Big Creek, there was no defined 
mtream course where the observation was made. There were a 
number of standing pools of clear, cold water, however; some 
Bontaining trout fingerlings. 

| tg) Venison 

| Mite sine tlicesein ehhe pobacees snowing adaSsuree. 
to the south-west of the village of Walsingham. Ltt De esa ted 
On Venison Creek, about one mile upstream from its confluence 
i Big Creek. 

mh 25200 ntlampywsoi feet: long, bulls Gueeowest 
Bf the road in Lot 7, Concession V in South Walsingham Town- 
ship, would create a 96-acre lake storing $00 acre feet of 
Water. The valley is broad and flat and contains some fair 
Pasture land. The area is fairly well wooded with scrub 
brush and a few large maples, elms and poplars, with scattered 
Dine, spruce and cedars along the slopes. The it follows 
4 well-defined course with no signs of serious flooding. 

The reservoir would back up to two bridges, 


hich would have to be investigated for possible flooding. 
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The first is a timber bridge with 5 


-9 feet clearance and the 


second is a steel structure with 13.2 feet clearance, 
(h) Wyecombe 

ine St leeationy ise ons tributary of Big Creek, 
just north of the road in Lot 21, Concession AL simNerth 
Walsingham Township. 
A 4O-foot wall, 425 feet long would flood 154 
acres with 2,240 acre feet of water, The reservoir would 
back up to the roads to the north and to the west of the dam- 
Site and possibly would flood ae existing 30-inch diameter 
ecorrugated culvert, The roads themselves, however, would not 
be flooded since they have 33 feet or more fill above the 
existing water level. Since the road embankment has steep 
Slopes, reinforcing or extra fill would have to be placed ,to 
Birane the slopes to the correct angles so as to prevent 
ercding. 
| The valley is V-shaped and is densely wooded 
with Aner elm, maple and birch, 
| (i) Woodhouse 

Lies ets, Hooa ted "On a brabus Cyd iy pick 
Greek in Lot 9 of Concession IV, Woodhouse Township. 
| A total of 211 acres would be flooded by a dam 
m2 feet high and 425 feet long, giving a storage capacity of 
f,5/6 acre feet. With a small drainage area of 2.9 square 
Miles,this reservoir would probably not fill to capacity each 
year but a reserve water storage could be built up during wet 
Mears for use in times of drought. 
No evidence of tobacco being grown in the 
Vicinity was cbserved. The valley divides into two broad; 
fiat fingers. The area is mainly used as pasture and is 
Scattered with elms and willows, At the time of the obser- 
Vations there was no flow; however, there were indications 


et flooding. 
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(j) Marburg 


This’ site is located cna tributary of Biack 


Creek in Lots 16 and 17,Concession IV, Woodhouse Township. 
| The topography is suitable for a dam 27’ feet 
high and 540 feet long, which would impound 2,460 acre feet of 
water covering an area of 269 acres. 
The reservoir would be divided into two arms, 
each extending back over twe miles from the dam, 
With a small drainage area of 6 square miles 
Bars reservoir would probably not fill to capacity each year. 
(k) Tyrrell 

Located just north of the Marburg site in Lot 16 
Concession XII, Townsend Township. A dam 22 feet high by 685 
feet long could be constructed at this point to impound 1,630 
acre feet of water. 
The reservoir would flood about 230 acres of 
land and interfere with one roadway. The drainage area above 
Mais site is only 2.6 square miles and would not fill to 
capacity during years of low spring run-off. However, being 
ft the headwaters this site is ideally situated for a summer 
flow reservoir. 
(1) Rockford 

This site is located in Lots 18 and 19; 
Concession XIII, Townsend Township, about one mile south-east 
Beecie Tyrrell site. This is one of the best sites in the 
watershed from the amount of storage capacity available, legeae 
being located near the headwaters with a limited drainage area 
of only five square miles, there would not be sufficient run-~ 
off every year to fill it. 
A dam 36 feet high and 1,060 feet long could 
be constructed to impound 6,860 acre feet of water. The 
Meeryoir would be 2.5 miles long with a surface area of 480 


meres. Sections of three separate roads would be flooded but 


with such a large potential storage capacity the height of the 


dam could be reduced to minimize this damage and still provide 


sufficient storage to serve the needs of the area. 
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It is not suggested that any of the reservoirs 


en this group be built at this time but the above sites are 
mentioned in order that the Authority may be aware of their 
potential should some less important development, which would 
interfere with the use of these areas for water storage pur- 
poses in the future, be under consideration. 

All of the above data were obtained from topo= 
graphical sheets and a brief visual examination of the areas, 


The data for the dams and reservoirs are shown in Taple PSB. 


4, Lehman Dam 

bance the Lown of Delhi. at wresent relies on 
North Creek for its domestic water supply, some concern has 
arisen over the low Stream flows during the dry summer periods 
‘when heavy irrigation pumping occurs, This, has hed: Gor tne 
investigation of new water supplies, one of which is the 
possibility of restoring the old Lehman Dam on North Creek 
ammediately south and west of the town limits, This site is 
Bajacent to the existing water filtration and pumping plant 
mertne Public Utilities Commission of the town of Delhi. 

A firm of Consulting Engineers were eugaged to 
investigate replacing the Lehman Dam and their report has 
recently been submitted (December 1957) to the Authority. 

| Mie report outlines two ischemes, "A’bsana air. 
Scheme "A" would be the construction of a new dam only, 
whereas Scheme "B" would combine the new dam with a new bridge 
Meepart of the gravel road which crosses North Creek just 
mownstream from the damsite. In both schemes the storage 
required was based on the estimated population in 1975 being 
M00 (1957 —- 3,018), and calculated for the irrigation pariods 
of thirty and forty days, assuming that during this time the 
flow in North Creek is sufficient to compensate for the net 
evaporation loss from the reservoir. The daily consumption 
per capita is estimated at 100 gallons. The storage required 


for the thirty-day period in 1975 would be 10,950,000 gallons 
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while 14,600,000 gallons are reyuired for the forty-day 
period. The reservoir is designed to store the latter figure 
which is equivalent to 54.3 acre feet, 

The total cost for Scheme "A" is estimated at 
#10, 700 and for Scheme "B" $161,750. Included in these 
figures are $5,700 for the filtration plant intakes, The 
unit cost for Scheme "A" is $2,590/acre foot and for Scheme 
npn $2,975/acre foot, 

It 1s suggested that a comparison of these 
costs be made with those estimated for the North Creek 
Beservoirs which are found in Table 1? in the Trrigation 


ection of Chapter 4 of this report. 
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CHAPTER 6 
COMMUNITY PONDS 


The advantages of community ponds are twofold, 
Firstly, they conserve water which is a necessary attribute in 
fany conservation program, secondly, they provide a place of 
recreation for the members of the rural communities. Urlike 
‘farm ponds, they do not provide facilities for a single family 
but rather are developed to accommodate the needs of large 
‘grouns of people. Besides storing water and providing fire pro- 
tection, miece DONeS are used for Swimming, koatirg, fishing, 
Bxaving and picnics, 

oeveral Tactors should be kept in mind when an; 
pvestigating the possibilities of developing a community pond. | 
mearst of all, the pond should be able to accomodate the expected 
miuamber of people using it, It should be easily accessible and 
milose to the community, There should be sufficient area for 
Marking and picnicking, Adequate facilities for sanitation, 
Behange rooms and possibly confectionery should be available, 

Mhe area should be free of hazards and safe for swimming, boating 
land skating, 

Some of the above facilities were provided to a 
megree in earlier days by the community millponds, For genera- 
tions these were the gathering places for small boys who used to 
‘swim and fish in the summertime and skate in the winter, To-day, 
however, the mills have been converted to electric power thereby 
eliminating the use of the power obtained from the water of the 
Pond, This has resulted in the dams fallirg into disuse until 
to-day; in most cases, they have deteriorated to a condition 
beyond repair, Many have been washed out completely and the ponds 
Beye disappeared, However, since the millponds to a large extent 


fulfil the requirements as mentioned earlier, they should be given 


first consideration as sites for possible community ponds. 
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In addition, many of these old buildings have 
much historical value attached to them which could be in- 
corporated into the scheme of things in the form of a mseum 
Oye porals of interest, 

Very few of the 60 or more millsites exist- 
ing in 1865 remain to-day. In order to restore most of the 
ponds, new dams would have to be built, One pond which is 
still in good condition is the Backus Pond located north of 
Port Rowan, The original mill still exists and the pond 
and surrounding area have already been acquired for develop- 
ment as a public recreational area, 

Unfortunately, the topography of the region 
does not lend itself ideally towards good pond sites, The 
valleys are too deep and the stream gradient too steep, This 
prohibits low-cost ponds with sufficient water surface area 
for recreational purposes, The region has been inspected for 
a number of community pond sites well distributed throughout 
the region. Those found suitable appear on the map in 
Figure 8, The following list gives the exact location and 
comments on the various sites, which are classified into 


three groups: - 


P = possible pond site 
BR = existing pond 
N = natural pond 
BURFORD TOWNSHIP 
P-1 NEW DURHAM - Lot 22, Con, IX 


Possible site north of the road below fork, Pond 


area approximately 10 acres; dam 250? long. 


eee NEW DURHAM - Lot 20, Conc, VIII X 
Old millsite 4 mile below P-l, All traces 


have disappeared and area is all open pasture. 
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The Backus Pond in the Backus Conservation area. 
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KELVIN - Lot 10, Conc, XIV 
Old mill site 4 mile north of road, east from 
Kelvin, Dam disappeared, and some SiLting or 


the old bed. Pond area avout 20 acres, 


Dam 300° long. 


WINDHAM TOWNSHIP 
LskE HUNGER - Lot 17, Conc, III 
Only large, natural pond on the watershed. 
Puce oe acres , Kast end is being privately 
developed, but there is a possibility of 


development on the west and wooded north shores, 


TEETERVILLE - Lot 1h, Conc, V 

Existing mill pond of 20 acres, Best shore is 
occupied by a farm but steep wooded east bank 

and old mill buildings have possibilities for 
development, 

BRANDY CREEK - Lot 20, Conc, VIIT 

Site for larger dam at abandoned railroad crossing; 
30-acre pond in wooded valley with access by paved 


“eosgcw al apoer end, 


BRANDY CREEK - Lot 20, Conc, IX 
Very small (2-3 acre) pond possible here on minor 


ei buitary, . lies off road behind farm, 


Pruveoue BAoT = Lot L"& 5, Conc, x 
A dam 200' long would nroduce a fair-sized pond in 


pleasant surroundings. 


Dobie Lot 16, "Cone, ot 
Pond about half a mile long. Good playground 
development at upper end by local service club. 


Good canoeing area. Excellent possibilities. 
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P-10 DELHI ,W., Lot ih) Coney wT 
Five-acre pond site 14 miles west of Delhi. Good 
access to head of pond, treed banks and woodlot 


below damsite. Dam would be about 200! long. 


P=11 DELHI ,W., Lot 38, Conc, II 


Five-acre pond site 2 miles west of Delhi, just 


south of No, 3 Highway. Good wooded area below 


dam. 
P-12 LYNEDOCH ~ Lot ie SOOICosrLy 


The old mill site has disappeared. A short dam 
would provide a four-acre pond with picnic grounds 


at head of pond, 


WALSINGHAM TOWNSHIP 


P—13 LYNEDOCH ,W., Lot 23, Conc. XIV 


Narrow, treed valley. Good damsite at paved 


road, Pond would cover three or four acres. 


P-14 LANGTON - Lot 10, Conc, XI 


Old pond, traces of 250'dam remains, Convenient 


access -—- little shade, 


P-15 GUENSHER *= Lot 21, Conc, A2I 
A fair damsite for small pond at road between 
Concessions X and XI, Five-acre pond with 


good acceSS.e 


P-~16 SILVER HILL -) Lot 22; Conc. IX 


A dam 300’ long would create a three- or four- 
acre pond in a narrow, well-shaded valley. 


Access by secondary road. 


E-17 WALSINGHAM - Lot 13, Conc. VI 


Existing two-acre pond in village of Walsingham. 


Good access on surfaced road, Well-shaded banks, 
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WALSINGHAM, Lot 12, Conc. V. 
Possible site on main stream, Good access, Long 


spillway would prove expensive, 


GLEN MEYER - Lot 8, Conc. XIV 


Good damsite for pond of 10 acres, Near road 


with good shores, 


MARSTON - Lot 4, Conc, VIII 


Excellent site on secondary road. Short dam, 


10-acre pond with well-shaded banks, 


VENISON CRESK, Lot 7, Conc.V 


15-acre pond possible with 250' dam, Good 
access through old road allowance, Well- 


wooded shores, 


VENISON CREEK - Lot 8, Conc, IV 


Alternate site to P-20 below road, Not as 


attractive and-longer dam required, 


CHARLOTTEVILLE TOWNSHIP 
IMCOE, W., 


5 , ~~ Doteesl Seen, Tones Ax 


Broad flat site requiring 350' dam, Excellent 


accessibility from Highway No. 3 and secondary 


road, Suitable picnic and playing areas, 


VOTTORI Aa-ebot. 225. Caoncpl iil 
Good existing mill-pond. 
TOWNSEND TOWNSHIP 


NANTICOKE CREEK - Lots 22 & 23, Conc. XI 
A flat plain having a rock shelf on south-west 
Side of road, Small natural pools already exist- 


ZRes Could be developed. 
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P-26 TYRRELL, E,, - Lots 20 & Also Gone fk iI 
Attractive site, Temporary dam 50* wide and 4" 
high would create a long narrow pond, Plenty of 


picnic and hiking area, Three miles east of 


tycreil. 
P-27 TYRRELL, 8.2, - Lot 13, Cone, XIV 


Broad, flat site requiring 300-400' dam, Pond 


approximately 25 acres, Land cleared, 


WALPOLE TOWNSHIP 


P-28 NANTICOKE, Ne, - Lot 6, Conc, II & III 
Broad flat plain under pasture, No really 
Suitable damsite, A nearby quarry, however, 
has a number of large ponds which could be 


developed along with the attractive meander- 


ing river, One mile north of Nanticoke, 


WOODHOUSE TOWNSHIP 
P~29 BLACK CREEK - Lots 19 & 20, Conc. IV&V 
Very pleasant surroundings. Well wooded, 
Temporary dam or weir required. About 1,000 


yards or more of stream could be developed. 


Suitable picnic and parking areas, 


PeeweUmESTMCOE, E,;.- Lot. 7, Cone, ¥ 
Two miles east and one mile south of Simcoe, 
Good reservoir site, Banks 15-20' high: dam 


200' long. Pleasant surroundings, well treed. 
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CHAPTER 7 
FIELD SURVEYS 


All surveys made during this study were of a 
eliminary nature. 

Twenty-one locations were selected from topo- 
aphic maps as possible sites for reservoirs. These were 
kamined in greater detail and three were selected to be sur- 
yed for the preparation of contour plans by stereo-projection 
fom aerial photographs. These were named North Creek 

heme vAN; the Upper and Lower North Creek, octemes"B." » and 
e Reihi Reservoirs. The contour plan of the Delhi reservoir 
is drawn at a 400' to 1" scale with 10' contour intervals from 
eld survey data and aerial photographs. The horizontal scale 
F the photographs was accurately determined by check-cheining 
pretches of roads or fence lines which could be readily identi- 
ed on the photographs and comparing these distances with the 
asured distance on the photograph. 

The verscical control for the mapping was done by 
tablishing Bench Marks at the upper and lower ends of the re-e 
myoir by means of checked lines of levels. The intermediate 
ot Slevabions ne obtained by using Wallace and Tiernan type, 
Mm. 176 precise altimeters. The storage capacity of the Delhi 
reservoir E oived from the olans prepared by the above method, 
moelieved to be correct within five per cent. 

The contour plans for the North Creek Reservoirs 
re prepared from aerial photographs using a Fairchild stereo- 
mparagraph. Bench Marks et the upper and lower ends of the 
tes were established and a line of levels run around the 
Points at convenient inter- 


Mmmeter of the reservoir arecs. 


ls were identified and their elevations recorded. These points 


re used as the starting points for lines of altimeter readings 


ich formed a cross-section pattern over the valley. Elevations 


prominent points identified on the photographs were again re- 


s were then completed by using a stereo- 


Sded. The contour plan 
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comparagraph to tie in the contour lines between the recorded 
elevations. The scale in this case was 500! to 1" with ten- 
foot contour intervals, The horizontal scale was determined 
in the same manner as the Delhi reservoir, The storage capa- 
cities determined are believed to be correct within 20 per 
cent which is acceptable for this preliminary survey. 

levels run in this survey commenced at G)S NC. 
Bench Mark No,1705 in Woodstock and were carried through to 
all the reservoir sites, Altogether, 47 Bench Marks were 
established along approximately 20 miles of base levels. 
These Bench Marks will expedite any further work in the area 
particularly should it be decided to proceed with the con- 


Structien, Of a reservoir, 
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CHAPTER 8 
SUMMARY 

This report gives an account of the physical 
characteristics of the watershed and the problems. arising 
| from man's demands and uses of the natural resources as 
) applied to water, 
| Chapter one outlines the topography of the 
region and provides statistics as to the size and shape of 
the area, type of soils, length and gradients of streams 
and the municipalities in the area, 
| Chapter two presents an interesting review of 
extracts from known records of former floods. These start 
with a surveyor's diary as far back as 1796, and continue 
with later diaries and newspaper reports until the present 
day. 

The hydrology of the area is carefully 
examined in Chapter three, This includes a summary of the 
available precipitation and stream flow records. From the 
Big Creek area records, it is shown that the maximum flows 
occur during March and April with a maximum mean daily flow 
Orem7630°C ,.f25,. occurring in’ March 1956,’ The® actual” peak 


Wae*probably as. high as’2,360°c,f.s,"" The? low flows occur 


during August to December, inclusive, with a minimum of 104 
eptray occurring’ on Big Creek at Port Rowan in December" 1947. 
The Chapter also deals with unit hydrographs and design storms; 
the latter to be used in the designing of the proposed storage 


reservoirs, 


pS etre Qnen's a ee a ee 


Chapter four discusses the water problems 
arising in the area, and points out that although pollution 
is not considered a major problem in the watershed, there 
are certain trouble spots which require attention. Simcoe 
has boosted its sewage treatment capacity in recent years; 
however, the effluent being discharged from two textile 
plants and a preserving plant and jam factory is seriously 


polluting the Lynn River, Other sources of pollution are 
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Sea 
a galvanizing and plating plent, and private homes which 
pass their sewage into storm sewers which empty into the river. 
The problems of pollution at Port Dover are mainly attributed 
to sanitary sewers being connected to the storm sewers, can- 
ning plants and chicken and fish processing plants. 

The problem of flooding is not considered 
serious, and while no specific flood prevention works have 
been investigated, it is recommended that an early warning 
system be developed, correct conservation practices be carried 
out, and construction on the flood plains be prohibited. 

A major problem in the watershed, which has 
received widespread attention,is that of irrigation. Two 
surveys were made, one in 1955 and the second in 1957. 
Statistics resulting from these investigations appear in table 
form, These show a trend towards more irrigation with the 
main source of water being from farm ponds, It is felt that 
the serious condition of streams drying up during the dry 
summer of 1955 were due primarily to the direct pumping 
from the streams, The pumping of the ground water storage 
from dug-out ponds is not considered dangerous at the present 
time; however, it is recommended that observation wells be 
established so that a reliable account can be kept of the 
fluctuating water table, It is also recommended that the 
Authority endeavour to improve the irrigation "know-how" of 
the tobacco farmers; advise on the location and construction 
of farm ponds; give serious consideration to the construction 
of a dam on North Creek; and discourage and, if necessary, 
prevent the pumping of water directly from the streams, The 
possibility of using sand-points as a means of obtaining a 
water supply from the aquifer is discussed, 

A table showing the comparative preliminary 
construction costs and unit costs of the construction of the 


North Creek and Lehman dams is presented for consideration. 
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Soles 

In Chapter five, a general discussion outlining 
the advantages and necessity for the prompt investigation of 
storage reservoirs precedes the actual description of the 
various reservoir sites, Altogether, 14 sites were investi- 
gated, and the data applying to the drainage areas, the 
dimensions of the dams, storage capacities and surface areas, 
eLc., appear in table form, 

In addition to the large reservoirs, community 
ponds which would serve either for recreation or as a source 
of limited water supply for domestic use and fire protection, 
are also recommended. A discussion about the benefits of 
these ponds and a list of 28 locations is presented in Chapter 
le 

Finally, Chapter seven provides information about 
the methods used and tolerances attained during the actual field 
SUrVeYSe This information is of use to technical personnel who 
will be reading this report, and who require the necessary in- 
formation regarding the accuracy and method of producing the 


maps and drawings found herein, 
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FOR TOBBACO CROPS IN THE DELHI AREA 
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Introduction 


In order to assess reasonably the economic value 
of artificial storage of water for tobacco irvigarion, 2 a6 
necessary to know how frequently various amounts of water are 
required, The following Tables II and V give probabilities of 
requiring various amounts of irrigation water during the tobacco 
growing season, These were obtained by methods suggested by 


van Bavel (1) and Robertson (3), 


. Assumptionsin Method 

The following calculations of moisture defi- 
ciencies at Delhi have been made from available meteorological 
data by a daily moiswure budget tabulation based on the 
following assumptions: 

(1) A typical tobacco soil within the root zone of 

tobacco plants has a water storage capacity of one inch. 
(References 1 and 2) 

(2) Weekly figures for potential evapotranspiration (P.#. } 
Balculated from 15~year averages of temperature by the simpli- 
Mee thernthwaite formula (P.B. = 0.1 (7-32)) are: sufficiently 
BF rats estimates of Pho CAnyverrors™ introduced by this 
assumption would likely be small and self-compensating rather 
than cumulative. } 

(3) The irrigation season for tobacco in the Delhi area 
is approximately June 1 to August 1). 

(4) The general assumptions of the daily moisture budget 


method for computing water deficiencies are valid Sor tobacco 


Srop irrigation calculations. (Heference 3) 


Results 


The tabulations were made for each of the 20 


Bars of record (1937-56). vionthly and seasonal totals are 


myen in Table I. 
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Moisture Deficiencies (inches) - Delhi 
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Average seasonal deficiency = 


Standard deviation ‘f= 1.19" 


3; Probability and Frequency Analysis 


If the total seasonal deficiency figures can be 
assumed to form a normal distribution, the probability of the 
occurrence of seasonal deficiencies exceeding various amounts . 
can be obtained from normal curve tables. 


Results of the probability determinations are as 


on Table II. 
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evan ee 
TABLE II 


Probability Table for June 1 - Aug. 15 
Moisture Deficits 


% Probability of Deficit 
Greater than Amount 


Deficit Amount 


39.4 
24.5 
6,00" | 13.8 
6.50" | 6.3 | 


In other words, approximately once every four 
years the moisture deficiency will be 53" or greater, and once 


every 16 years the moisture deficiency will be 63" or greater, 


4, Evaluation of. vesults 

“hess figures are, of course, higher’ than would 
be obtained by the Yhornthwaite technique used on a monthly 
basis, assuming a soil moisture storage of 4 inches. Their 
relation to present and future irrigation water requirements 
depends largely on the methods that are used by the farmers to 
determine dates and amounts of water to apply to the crop. Or 
5 irrigation scheduling methods used in tobacco growing, 2 
would be likely to give close correspondence of water use to tue 
above figures. These are the moisture budget method Cref 134° and 
the weekly schedule method, (The latter goes by the rule that 
irrigation water plus rain must equal one inch per week during 
the season June 1 to August 15. This implies that average 
-P.E. during this season is 1" per week. Our figures show 1" 
for June and August and 1.1" for July, which is close corres- 
pondence. ) 

Figures, on water quantities actually used for 
irrigation of tobacco, were available only for the Delhi 
experimental farm and for the years 1954, 1955 and 1956. 

Table I shows fairly high deficiencies for the month of June 


in each of these 3 years, yet from the Delhi figures, no June 
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(iv) 

irrigation was undertaken in any of these years. However , 
if the calculated figures for June deficiencies are ignored, 
the computed water requirements and the actual water used are 


in good agreement as shown in Table III, 


TABLE III 


Calculated vs, Actual Irrigation Amounts 


Calculated Def, 
July l-Aug. 15 


Irrigation Amount Applied 
July 1 - August 15 


This suggests that either (a) favourable growth 
conditions during June may require that the soil be frequently 
mery to force the plants to root deeply or (b) that additional 
benefits would be obteined by irrigating during June. 

If. the former (a)-is the case, then the total 
irrigation requirements should be obtained from the moisture 
deficiencies for the psriod July 1 to August 15 only. The 
totals for these pericds are as in Table IV. 

TABLE IV 


Moisture Deficits 
July 1 - August 15 


Year Der oeo re eee Deficiti. Year | Deficisg 
(ins? } (are (ans) 


ee el 2 699 1944 | 4634 11951 234 
9. 1.77 TORS | en oe oe 2430 
pa 3. OL IGL6.) Gee kG a> Dah/ 
1940 | 3.89 LOR] A Oe ee ee Bien 
1941) 2.86 LOLS | bs 3h 2 eh goo £47 
LAS Oe array 8 1949 | 30205 pees neha 


1943 | eS 1950 | Lindo 


Average deficit = 2.96" 
Standard deviation = .88" 


Assuming normal distribution this table gives 


deficiency probabilities as in Table Vv. 
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TABLE V 


Frobability Table for July 1 - August 15 
Moisture Deficits 


Deficit Greater Than | % Probability 


This implies then that about once every 4 years 
/a deficit greater than 3.5" will occur, about once every 8 
years a deficit greater than 4" and once every 25 years a de- 


Pverterreater than 4,5", 
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ABBREVIATIONS, EQUIVALENTS AND DEFINITIONS 
enn rt es ee Oe 


Abbreviations 


BO ie 


CeSoMy 


Creo Testy 


G.S.C,. 


1g Sen se 
Om Me D's Thy, 


OL Or. Tal, 


a saa a 
Oi Pepe De 


P.P.M, 
Om Deals 


{inde lies gage) 


Equivalents 


Ore LAS. , 


ie Cinttig Sie 
Or LO aay: 


EY SAME igen: 38 


for 1 year 


ene er Lela 
1,000 , 000 


Definitions 


site, 


is the abbreviation for acre foot which 

is the equivalent to 43,560 cubic feet and 
is the quantity of water required to 

cover one acre to a depth of one foot, 


is the abbreviation for cubic feet per 
Second per square mile and is tne average 
number of cubic feet of water flowing per 
second from each square mile of drainage 
area, 


is the abbreviation for cubic feet per 
second and is the unit generally used to 
express discharge or the rate of flow, 


is the abbreviation for Geodetic Survey 
of Canada which refers to the offvcran 
datum of elevations above mean sea level 
as established by the Geodetic Survey of 
Canada. 


most probable number 


nibs tre 


parts per billion 


parts per million 


value measure of acidity or alkalinity 


= 6,25 imperial gallons per second 


= 1,98347 acre feet or approximately 
2 acre feet 


= 72h acre feet 


= 271,472 imperial gallons 


imperial gallons per day = 1.86 c.f.s, 


AQUIFER is a water—bearing stratum or formation. 


aN. 


(ii) 


BOOST STORAGE is the storage required to increase the 
head of water over the discharge tubes 
in order that they may be able to dis- 
charge the required flow, , 


CHANNEL CAPACITY or "IN-BANK" FLOW is the maximum flow 
which is contained within the river banks 
jomeee as not overflow the adjacent low 

ands, 


CHANNEL CAPACITY STORAGE is the volume of water that 
must be impounded in order that the 
stream flow will not exceed the channel 
Capacity flow or stage, 


CONSERVATION STORAGE is that volume of water remaining 
in a reservoir which may be used to augment 
the low flows and is equivalent to the 
maximum storage capacity of the reservoir 
less the dead storage, evaporation and ice 
losses and the space reserved for flash 
floods, 


DAM is a structure in and across a river valley to impoun 
control and otherwise regulate the river 
flow, 


DEAD STORAGE is the amount of water kept in a reservoir 
at all times for the purpose of protecting 
the artificial and natural water seals at 
the base of the dam. 


DISCHARGE TUBE or CONDUIT is an opening through the base 
of the spillway to provide means for dis- 
Charging water when the water level of 
the reservoir is below the spillway level, 


FLOOD is an overflow or inundation coming from a river 
or other body of water, 


FLOOD CONTROL is the prevention of flooding by control- 
ling the high water stages by means of 
storage reservoirs, dikes, diversions 
or channel improvement such as widening, 
deepening and straightening, 


FLOOD CONTROL STORAGE is the total volume of water 
that must be impounded during a given 
fleod in order that the stream flow 
will not exceed the channel capacity 
flow or stage and is equal to the sum 
of the channel capacity, dead, boost 
and operational storages, 


FLOOD CREST is the maximum height or stage that the 
flood waters reach during any one flood 
period, 


FLOOD HYDROGRAPH - a hydrograph which covers only the 
flood period or time interval during 
which the river flow is above the flood 
stage. 


FLOOD RATIO is the rate of peak flow to the average 
flow for the flood period, 
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FLOOD STAGE is an arbitrary flow stage which varies 
from place to place and from season to 
season and is that flow or water level 
at which the water threatens te do 
damage, 


FREEBOARD is the vertical distance between the maximum 
permissible water level and the top of 
the dam or dikes, 


GROUND WATER is the portion of the subterranean water 
which occurs in the zone of saturation. 


GROUND WATER STORAGE or RESERVOIR is a term used inter- 
changeably with aquifer, 


-EYDRAULICS as applied to conservation deals with the 
measurement and control of run-off 
from river drainage basins. 


HYDROGRAPH is a plot of flow against time and is a 

Be correct expression of the detailed run-off 
,: of a stream resulting from all the varying 
physical conditions which have occurred 

on the drainage area above the gauging 
station previous to the time which it 
represents, 


ape: HYDROLOGY is the science which deals with the occur- 
| rence and distribution of water in its 
eae various forms over and within the earth's 
ip surface, As applied to conservation 
it deals more specifically with that 
portion of the hydrologic cycle from 
peru precipitation to re-evaporation or return 
By ct : of the water to the seas and embodies 
Hee ; the meteorological phenomena which 

: influence the behaviour of the waters 
during this phase of the cycle 


OPERATIONAL STORAGE is additional storage that is 
required to provide a safety factor to 

ae enable the controller to regulate the 

a discharge from a dam so as not to exceed 

ie the channel capacity flow or stage, 


RATE OF RUN-OFF is the rate at which water drains from 
bi an area, Usually expressed in cubic feet 
- per: second (tpheae) s 


RATE OF RUN-OFF PER SQUARE MILE is the average number 
of cubic feet per second of water flowing 
from each square mile of area drained 
(c,f,se/ sa umey worn eagh mane 


ea RESERVOIR is the body of water created by the con- 
i struction of a dam, 


RESERVOIR CAPACITY is the maximum amount of water that 
may be contained within the reservoir 
a without exceeding the maximum permissible 
water level, Usually expressed in acre 
feet. 
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(iv) 


RUN-OFF is the amount of water which reaches the 
Open stream channels and may be broadly 
defined as the excess of precipitation 
Over evaporation, transpiration and 
deep-seepage, 


RUN-OFF DEPTH IN INCHES is the depth to which the area 
would be covered if all the water flow- 
ing from it were conserved and uniformly 
distributed over the surface, 


SPILLWAY is that part of a dam over or through which 
the water is discharged, 


SPILLWAY CAPACITY is the maximum amount of water that 
may be discharged over the spillway with- 
out exceeding the maximum permissible 
water level in the reservoir, 


STREAM GAUGE is a measuring device used to determine 
the elevation of the water surface at 
selected points - usually a graduated rod 
fixed in an upright position and set toa 
known elevation from which the gauge 
readings are obtained by direct observation, 
Automatic type gauge is a mechanically 
operated recording instrument which gives 
a continuous record of water surface 
elevations, 


WATER or CLIMATIC YEAR is a 12-month period from October 
1 to September 30, The water year was 
found to be a more convenient form than 
the calendar year for the purpose of stream 
flow studies as it groups together those 
months in which the water losses due to 
evaporation and vegetation demands are 
at a minimum (October - March) and those 
during which the losses are high (April - 
September), 


WATER TABLE is the upper surface of the zone of 
saturation, 


ZONE OF SATURATION is the portion of the earth which 
is saturated with water, 
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